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Foreword 


rhe attached material represents the working papers from the 
DAST Space Theme Workshop held at the Langley Research Center, 
\pril 26-30, 1976, and contains a quick-look analysis of the 
proceedings. The material is unedited and intended for further 
ise by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be ’jaderstood that the data do not represent official plans 
ar positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 36 theme specialists to produce this working document - 
i document that provides a technical foundation, including research 
ind technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
jf Center initiatives in support of these themes. Copies of the report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus, it possibly contains errors, 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless, the information contained is of a high professional level, 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R. Sadin 
DAST Space Tbeme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Dffice of Aeronautics and 
Space Technology 


VOLUME III 

VII - A STATEMENT 


WORKING GROUP M-l - MATERIALS AND THEMAL CONTROL 


Introduction 

All NASA Centers and the Jet Propluslon Laboratory were represented 
on the Materials and Thermal Control Working Group. The Working Group 
was divided into teams to provide interfaces with each of the six themes 
represented at the Space Theme Workshop. The entire working group 
complement, however, worked together to establish the technology needs 
and priorities. The R&T Base program was developed by the working group 
as an adjunct to the themes development 

It should be noted that the scope of this working group includes 
materials, thermal control, and entry. At the 1975 OAST summer Workshop, 
these disciplines were represented by three separate working groups. 

In reviewing the technology needs of the various themes, the working 
qroup found little commonality in the needs in materials and thermal 
control areas. In most cases, the materials and thermal control technologies 
must be closely tailored to meet widely divergent needs determined by the 
different operating conditions and environments of each theme. For 
example, the varying theme requirements introduced different emphasis to 
the development of composite materials and cryogenic systems. Thus, 
the approach of matching technology areas with various themes needs was 
not effective for the materials and thermal control discipline. Instead, 
separate technology priorities were defined for each theme. 

The diversity of technologies is illustrated in the following 
listing of the top two priorities for each theme: 

Theme 7.- Multipurpose Spare Power Platform 

1. Materials for Power Generation Systems 

2. Materials for Power Storage and Transmission Systems 

Theme 8.- Industralization of Space 

1. Spare Processing for Use on Earth 

2. Fabrication Technology for Space Erectable Structure 

Theme 9.- Search for Extra Terrestrial Intelligence 

1. Long-Lift Cryogenic Systems for Masers 

2. Stable Materials for Large Antenior Structures 



Theme 10.- Exploration of the Solar System 


1. Lightweight Nuclear Shielding Materials for Nuclear Electric 
Propulsion 

2. Spacecraft Thermal Control Materials/Devices 

Theme 11.- Global Services Systems 

1. Long-Life Cryogenic Systems for Sensors 

2. Techniques for In-Site Manufacturing in Space 

Theme 12.- Advanced Transportation Systems 

1. Materials for Advanced Propulsion Systems 

2. Advanced Thermal Protection System/Materials 

In prioritizing the entire list of technology needs, the working 
group emphasized the materials technology for the Advanced Transportation 
System (Theme 12) and Spare Power Platform (Theme 7) since these systems 
were considered essential building blocks in fulfilling some of the 
other themes. Consequently, the top for priorities evolved from these 
themes. These priorities should have a significant impact on future 
programs for the materials and thermal control technology disciplines 
since two of these top technologies (i.e., materials for propulsion and 
power systems) are not emphasized in current OAST programs. Thus, 
increased support in these areas by the OAST Materials Division appears 
warranted. 

In the area of thermal control technology, the needs for several 
indicated the necessity for a change in the current trend in the program 
for this discipline. Although, the level of OAST support for thermal 
control technology has been declining in recent years, the high-priority 
theme needs for advanced thermal control systems indicates that increased 
support is needed. A particular important technology in this area is 
long-life cryogenic cooling systems for sensors, masers, and other 
devices (Themes 9, 10, and 11). A more concentrated and integrated 
OAST-supported effort in this technology appears warranted. 

A few key theme needs identified potential voids in OAST's current 
efforts. An example of this is the need for lightweight nuclear shielding 
materials for Nuclear Electric Propulsion. Theme 10 Team and the working 
group concurred that this technology was the highest-rated materials 
technology for this theme. Thus, new initiatives were proposed to fill 
this and other current program voids. 

The total impact of the theme needs on the materials and thermal 
contv’ol areas is illustrated by the two highest-rated technologies selected 
for each theme. In comparing the support of these twelve technologies 
with OAST's current program plans, three of these are considered to be 
adequately supported. Of the other nine technologies, three require 


major increases In support (i.e., 50 to 70 percent greater funding levels) 
while the other size technologies require new initiatives. 

A concern was raised by the working group on the Impact of the themes 
concerning the fact that the Theme Teams tended to support nearer- term 
applied technologies rather than longer-term exploratory efforts. Thus, 
the more applied technologies received higher priority ratings and may 
receive greater support at the expense of the exploratory efforts which 
usually involve more risk, but often offer greater overall benefits 
in the long run. Thus, the working group emphasizes a continuing need 
for an OAST materials and thermal control program that is properly 
balanced between the research and more applied aspects of these disciplines. 



SPACE TECHNOLOGY NEED 


j TITLE power generation system materials/ 

PROCESSES 


FORM NO. I 
PAGE 1 OF 2 — 


NO 02 M=J DJ — 

THEME / W.G. / TASK 

dateJL 1 28 / 76 ( Rev - 



3 . NEED ANALYSIS 

a) LEVEL NOW [j] , WILL BE LEVEL [ 4 ) UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY — 

AT LEVEL GO FOR OPERATIONAL SYSTEM USE BY [DATE: 198&J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM {f) LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q) OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH 0 

GRDTEST Q| AIR CRAFT TEST Q SPACE FLIGHT TEST [_] 

r— 1 (Check one or more) 

OTHER (Specify) |_J — — 

f) R&T BASE CANDIDATE - FY 78 - _$400 K - 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Advanced power generation system 


5 . SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 Lower Cost Si Solar Cell Fabric ation 

0 Higher Efficiency Solar Cel l Materials 

0 High Temperature Nuclea r Reactor Materials 

0 Brayton Cycle Turbine and Heat Excha nger Materials. 

n Thermioni c niode Materials 
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TITLE 


POWER GENERATION SYSTEM MATERIALS/ 


FORM NO. I 
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NO. 07 

THEME /W.G./ TASK 


DATE 4 / 2# 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 


mm n 77 m rm rrr 



7 . ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP OTHER) 

Solar cells - 506-23-12; 506-23-17; 506-22-32 
Thermlcnics - 506-24-21 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Si Solar Cell 











LEVEL V BASIC PHfMOMtMA OBSERVED AND REPORTED b COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2 THEORY FORMULATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABOR YTORY 

OF ART 3 THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEL 7 V.30EL TESTEO IN SPACE ENVIRONMENT 

4 PERTINEN. FUNCTION OR CHARACTERISTIC DEMONSTRATED 
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1. TITLE POWER STORAGE AND TRANSMISSION 
SYSTEM MATERIALS/PROCESSES 


2. OBJECTIVE 
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NO 07 M-1 02 

THEME /W.G./ TASK 

DATE_i_ /_28/_Z® 


To develop materials and processing technology to permit 




dpyplnpmpnt nf high-pffiripnry, Inn g-lifp sparp pnmpr ttnra g fl-a m l 
transmission systems 


3. NEED ANALYSIS 

a) LEVEL NOW Q) , WILL BE LEVEL 0 UNDER EXISTING PLANS. 
b> REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL [J] FOR OPERATIONAL SYSTEM USE BY [oATE: 1985 1 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW Q 

d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [Ij OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS □ RESEARCH 0 

GRDTESTjjl AIR CRAFTIEST □ SPACE FLIGHTIEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes - FY 78 $200K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Advanced power storage and transmission 


systems 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

o High Capacity Energy Storage Materials 


q High Power Laser Transmissi on Materials 


Materials 


o High Efficiency Superco nducting Materia ls 
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FORM NO. I 

PAGE 2 OF 2 
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PATE 4 / 27 / 76 


7 ALTERNATIVE APPROACHES/OPTIONS 


WT0P - °™ E ">' 

Fuel Cells - 506-2.3-24 ~ — 


f 9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM I ' r ~~ ir 


TASK ITEM T 
EnergyJ^r^eMajl s . 
L aser Trans. M a 1 1 : 
El ec. In sulators 

Superconductlna 

MatTs^ 



MANPOWER (M-Y) | 

INHOUSE I 2 

CONTRACT 
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SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE 1 OF 2 


NO. 07 H-1 03 

THEME /W.G./ TASK 

DATE _i_ /I / 76 3 


2. OBJECTIVE To (j eve ] 0 p materials systems technologies for thermal control 


2 I 

uj « w 



3. NEED ANALYSIS 

a) LEVEL NOW [U , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: .1^1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW □ 
d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM 0 LOW Q 

e) TASKS NEEDED: STUDY jT] ANALYSIS Q RESEARCH Q 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST [x] 

OTHER (Specfy) □ (Check one or more) 

f) R&T BASE CANDIDATE . — 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5 



5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 Lightwei g ht, reusable, rugged systems 


a o o x p 

H UJ W ^ C 

« * X < UJ 

m t- t- a *. 


0 RFI transparent 
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TITLE 


^THERMAL CONTROL INSULATION SYSTEMS 


FORM NO. I 
PAGE 2 OF ? 


THEME /W.G./ TASK) 


— - — — — DATE A / p p/ 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 


U. UIH ULI.I.BJIUJ' IJ 


c ost, exte nd ingjlfe 

(3) Impl ement candidate systems 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM Hfi 1 77 1 


TASK ITEM 
E xamine S . O.A. 

N ew Methods Dev. 
Implementation 


-did I 


UH 


MANPOWER (M-Y) 
INHOUSE __ 
CONTRACT 
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TITLE COMPOSITES FOR LAR GE, L0NG_-LI£j; 
__j£AC£ STRUCTURES- 


THEME /W.G./ TASK 

DATE .3 121 2 


2. OBJECTIVE To de velop and evaluate composites and jd^vesjor 

power system platforms 


3, NEED ANALYSIS „ ni A . 1C 

a, LEVEL NOV. 0. WILL 8E LEVEL 13 UNDER EXISTING PLANS. 

bl REQUIRED ADVANCEMENT - S H OULD BE TECHNOLOGY REA^^ 
at LEVEL [D FOR OPERATIONAL SYSTEM USE BY J)ATL — J 

cl RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW □ 

d , CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e, TASKS NEEDED: STUDY □ ANALYSIS g n 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST U 


OTHER (Specify) Q _ 
<! R&T BASE CANDIDATE 


(Check one or more) 


ypt. - FY 78 $200K_ 


* COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5 . SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 Composite fabri cation development-- -tUllL ssctlMS— 

o S t r u c tur a 0 

oLonq-term space ex posure effects 

^Fractur e toughness of structural composUes 


r 

SPACE TECHNOLOGY NEED 


\ 

FORM NO. 1 

PAGE 2 OF JL 

T,TLE COMPOSITES FOR LARGE. LONG-LIFE 


NO. 07 M=J_ 03 

SPACE STRUCTURES 


THEME /W.G./ TASK 



DATE 4 / 27 / 76(Rev. 1 ' 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

_o Develop fabrication methods for resin-matrix composites - emph asis qjl_ 

thi n section s for large collectors _ 

_IL. —Develop -assembly and,adhes lye -bonding, methods ... — 

_0 Generate _prQper.ty.daia on e ff ects of- -long-term exposure under 

expe c ted operatin g temperature, vacuum , and radi ati on levels 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER! 

506-17-11 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

oCompostte .Fab. 
oAssembly/Join. 

oExposure Effects 
ofracture Tough. 


MANPOWER (MY) 

INHOUSE 

CONTRACT 
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SPACE TECHNOLOGY NEED 


'■ T,TLE IN-SITtl MANIIFAfTI 

SPACE STRUCTURES 


FORM NO. I 
PAGE 1 OF 


NO. __ 07 M-l ns 
THEME / W.G. / TASK 

DATE __JL /- 2 % 76 (Rev. 2 


2. OBJECTIVE _ . 

To develop methods and techniques for manufacturing 

large structures in space 


3. NEED ANALYSIS 

a) LEVEL NOW Q], WILL BE LEVEL Q UNDER EXISTING PLANS. 

D) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY l OATE: 1985 ] 

0 RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW [xj 
d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [J] OR 

ENHANCING: HIGH □ MEDIUM 0 LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Ql 

GRDTESTQO air CRAFT TEST 0 SPACE FLIGHT TEST (T] 

OTHER (Specify) Q (Check one or m ore) 

i) R&T BASE CANDIDATE Yes - FY 7R Sinnk 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Development of special structural design 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

ja_Devg1 op concepts for taking high density packaged materials and 

dpyplnninn ct*»nrfnv*al mamkA c 


O-JDeyelg p means for rapid aut oma ted joining of materials under 

orbital conditions ~~~ 

o Develop advanced NDE technique for use under orbital conditions 
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3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL Q LINDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL []? FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1 985_1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW 0 

dl CRITICALITY TO THE ACCOMPLISHMENTS:^ ENABLING □ OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW Q 

e) TASKS NEEDED: STUDY 0 ANALYSIS Q RESEARCH Q] 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST 0 

„ lirn Ir . .. .1 — | (Check one or more) 

OTHER (Specify) LJ . 


f) R&T BASE CANDIDATE Yes - $2Q0K FY 78 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY — 


SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Con siderable laboratory tests and some space fJJ^ht__t e s ting has been 

accomplished for limited times - generally on order of 2 years -tor 

ma ny mat er ial s.- There are st4TT many-fflaterTaT-s- that must be t e s - t e. 

especially ' m aterials to b e used in the po wer generation and storage — 
systems. Threshold exposure conditions and limitations of exposure for 
useful-proper ti e s must b o d et c m fne<h — ~ 


Vacuum evaporation effects on high-temperature alloys 


o UV effects on coatings and glasses 


L ong-time exposure effects on seals and lubri cants 
Qutgassing of composite structural materials 


J 




6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 



















SPACE technology need 


! TITLE SPACE HABITAT MAINTENANCE &_ 
REFURBISHMENT 


THEME /W.G./ TASK 


DATE JL 1—1 


27 , 76 


2- OB JECTIVE Tq develop methods and processes for provid ing on-orbi t. 
maintenance and refurbishment for space habitats — 
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3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOG Y REA 2 I — , 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY [ pATE: 1 985 — 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS. ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS Q RESE * RC "J5. HH 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 

^ |— , (Check one or more) 

OTHER (Specify) U ___ " 

f) r&T BASE CANDI DATE Vpc - FY 78 requ irements 30Q « 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS R ^ QUIR ^ F ° R t 

USE OF THIS TECHNOLOGY Jgnt amn nati on Con t rol - Wast ^janagement 

w u^hivis. Non-neQt.nir.tive Testi. nfl*Jta=fl)i^^ Techniq ue 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

AC v““ouf factor associated with on -orbit maintenance or a space hatitat 
~a7e included in this regui rwnt L _as_.statedJn_i tein 4. Procedures and _ 

nmr.«.s must be developed a s_we1Lasjref!^^ 

considered for rout ine maintenance of a space __habitat : _jrasks_ wi __ 

1. Deter mination of containmant ley e1_toleranc es and contro ]_ 
~^todT" 2. Fluid and qas_s.im pJ.y-managenieM — aM_Mternal I 
jnspectionTechniques 4. Devel o pment o^repair methods^i^^ 
techniques — 





SPACE TECHNOLOGY NEED 


T,TL£ SPACE HABITAT MAINTENANCE AND 
REFURBISHMENT 


FORIg NO. I 
PAGE 2 OF 




THEME /W.G./ TASK 


DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Study conceptual designs to determine potential maintenance 


refurbishment requirements 


Construct model structures or components to demonstrate methods or 


techniques 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
1. (see #5) 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


21222222 
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SPACE TECHNOLOGY NEED 


1 TITLE ncun flPMFNT QF LUN AR HABITAT, 
CONSTRUCTION METHODS 


FORM NO. I 
PAGE 1 OF 2j- 


NO § 

THEME /W.G./ TASK 

DATE_A_ / —2-7/ 76 — 


2. OBJEC TIVE Tn prQVide ear th-furnished o r struct ur a l—- 

..H H.«inn (instruction meaodsJar^anUxJ^ 'i^ shelte cs. 


3 . NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOG Y HEA °* 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY foATE:] ,£9Q , 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW Qc] 
dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW U 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RES ^ ARC ^ ^ n | 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST J 
GRD l to I L_J ^ (Check one o r more) 

OTHER (Specify) □ — — “ 

aHhoc-ivPC T thermal co ntrol. radiatjm-SMelijng — — 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

“o CO con^ H cfllnar shelter, subterra^. o^fac^ojj^enous 

Tuns. Studies neeM J^ggl!!^^ 

exoanded structures, l^^ablejLners fo^CjVM^fojrLblock^ilGL 2s_ 

.instructions. st uiliss-Jil*^^^ feasibili ty- 

rvf nc inn lunar materials forstnjetura^ — — 




SPACE TECHNOLOGY NEED 


TITLE 


DEVELOPMENT OF LUNAR HABITAT 
CONSTRUCTION METHODS 


FORM NO. I 
PAGE 2 OF 2 j 

NO. 8 M-I fl? 
THEME /W.G./ TASK 


6. recommendeoawroach/program plan to accomplish need ' / 76 ' 

^!^^£^JM^l^tototj^e_^nd_Dejiigns Xrati o^ st ructure „„ ..... 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT, PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES " " 

SC HEDULE ITEM _ jjJZZJZ, 8 1 1 80 1 81 [ 82 1 83 1 84 1 85 1 86 1 87 lli Tig 
TASK ITEM 


90 [ 9 1 1 92 1 93 1 94 1 95 1 


GenerAl._S±udiei 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


2 13 3 



MBIIllBIUm 








SPACE TECHNOLOGY NEED 

— 


, TITLE development of thermal control 

TECHNIQUES TO ESTABLISH A LIVABLE_ 
ENVIRONMENT IN SPACE HABITATS . 


FORM NO. I 
PAGE 1 OF 


NO d tU 01- 

THEME /W.G./ TASK 

DATE_J_ /2I /_ Zi 


2. OB JECTIVE Tp prov1de suitable thermal control methods for providing I 

livable environments in space habitats — — 

3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOG Y ***&( 

AT LEVEL QJ FOR OPERATIONAL SYSTEM USE BY I DATE: 1985 .. J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW QJ _ 

d) CRITICALITY TO THE ACCOMPLISHMENTS. ENABLING □ OR 

ENHANCING: HIGH E MEDIUM □ LOW JJ 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH 0 

GRDTEST □ AIR CRAFT TEST □ SPACE FLIGHT TEST [j 
u w u (Check one or more) 

OTHER (Specify) U — 

f) R& T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR _ 

USE OF THIS TECHNOLOGY Therm al Control Paints - Heat pipes . 

Second Surface Mirrors 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

AC R C rn L J^ive E and active thermal c ontr^^ 

^entia l candidates f<L t.thjM^^ or _for 

ai.v-j iiarv mod iil^-^LProvide improved- longlife- 

i n performance to current l^Yil! able^s_tems. — — 

Sporific Ta «ikQ t.n include; — 

1 npveiopment of Thermal J^ntrol Paints. and.. Coatings 

l nouoTnpment of Heat PiP _es__fo.r_ s^ed fj_c.muj rements 

^ ppupinpment Second Surface Mirror s _ 

4. rwinpm ent of thermoel_ec tri c therma 1 _ co ntroljjf stems 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 


mm 


TITLE development OF THERMAL CONTROL N0 

TECHNIQUES TO ESTABLISH A LIVABLE THEME /W.G. /TASK 


TECHNIQUES TO ESTABLISH A LIVABLE THEME /W.G./ 

ENVIRONMENT IN SPACE HABITATS 

- DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Based on performance characteristics of the best currently available 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 




TASK ITEM 


MANPOWER <M-Y) 

INHOUSE _ 

CONTRACT 


3 I 3 1 3 I 2 |2 2 


MranrsnriririririFirinnBMB 


.2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .1 























space technology need 


, TITLE manufacture OF COMP OSITE^ 
MATERIALS IN SPACE 


form NO. I 

PAGE 1 OF — & 


NO 8 Jkl 

THEME /W.G./ TASK 

4 / 28 , 76 

DATE / — 


2. OBJECTIVE Development of processes end eq uipment to fabricate 


Q < VW — 
2 tc w > 

5 o £ * 

^ to ^ Ui 


a — u « 

< “ 5 S 
^ J « 9s 

» X * * 

* £ a a 




S ° -i 

9 * ui w 

I 500 

o*®° 

<_> X X 


''TeTeLNoTq. W.LL BE LEVEL Q UNDER EX, STING PLANS. 

RE qu,red advancement - should mm 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY 
c> RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW jj 

dICRITICALITY TO THE ACCOMPLISHMENTS. ^^LINgD 0 

ENHANCING :X HIGH □ MEDIUM E L0W 

... cxtirtv ITI ANALYSIS fx] RESEARCH 
e) TASKS NEEDED: STUDY LXJ ANALYi.a LJ 

GRDTEST0 AIR CRAET TEST □ SPACE FL'GHT TKUJ^ ^ 

OTHER (Specify) Q ■ " 

" 4 . crPLE T M B E A NTA C R A y TECHNOLOGY ADVANCEMENTS REQUIRED ” 

USE OF THIS TECHNOLOGY “ 


w ►— >, O < 

< < m s > 

x -J z, * < 

3 O ; 

1 X £ « : 

O « W - 1 

* ° LJ M 

IU U H 4 . 

x v > * 
* S 
Uooj 
M UI el C 

* x s 5 


V SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

ACCOMPLISH NEED nrporeas) can be 

n • mI feri S k (fiber s p o o Uju.sjie e tj._res^ n Aj^ r ?^ 

L — — of c0m posite be ams or 

diTficulty of s^arTmanufactu^e — - — 


SPACE TECHNOLOGY NEED 


T,TLE MANUFACTURE OF COMPOSITE 
MATERIALS IN SPACE 


FORM NO. I 
PAGE 2 OF 


THEME /W.G./ TASK 


— _ DATE * /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Determine which composite systems offer promise of easy, efficient 
manufacture under ZERO-G conditions 


Prepare earth based sa m ples for analysis/characteristics 

Prepare samples in spa r type flight if possible 

Prototype - small scale space flight production 


_j£QimlCL5ludlfiS. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


General Study 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


2 2 2 2 


MMPPPPPPPI 















LEVEL I SASIC PHENOMENA OBSERVED AMO REPORTED S COMPONENT OH BREAOROARO TESTED IS RELEVART 

OF STATE t THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATOSY 

OF ART 3 THEORY TESTED IY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL T MOOEL TESTEO IN SFACE ENVIRONMENT 

« ft RTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF SL 


1. TITLE Development of Methods for Extraction NO. _S M-l 05 

THEME /W.G./ TASK 


DATE !_ l. 


76 


2. OBJECTIVE 


To make use of lunar minerals to produce structural materials 


3. NEED ANALYSIS 

a) LEVEL NOW Q] . WILL BE LEVEL CD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL (D FOR OPERATIONAL SYSTEM USE BY I DATE: loon 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS □ RESEARCH Q 

GRDTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R& T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Ex trac tive Metallurgy 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Lunar samples already available or simulated lunar sample s can be used 
to stud y extractive meth ods and probabl e yields of various materials. 
Pr oduction of water and o xygen on the lunar surface nee ds to be 
explored. - 






SPACE TECHNOLOGY NEED 


TITLE Development of Methods for Extraction 

of Elemental Materials from Lunar Surface 

to Produce Structural Materials 


FORtf NO. I 
PAGE 2 OF 


THEME /W.G./ TASK 


,26 ,76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Complete studies on available lunar samples to determine compositions 


and amounts of useful structural elements or compounds. Conduct limited 


extraction studies on lunar samples. Conduct extraction studies on 


simulated lunar samples. Prepare structural materials from extracted sam- 


ples. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
General Studie! 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


i£]E)EJB]i 


I 
















LEVEL 1 BASIC PHENOMENA OBSERVEO AND REPORTEG 5 COMPONENT OB BREADBOARD TESTED IN RELEVANT 

OF STATE 2 THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3 THEORY TESTEO BY PHYSICAL EXPERIMENT ^R 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL I MODEL TESTEO IN SPACE ENVIRONMENT 

«. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1 TITLE s P ace Processing for Producing 
Materials for Use of Man On Earth 


FORM NO. I 
PAGE 1 OF 3 


NO. 


8 M-l 


06 


THEME /W.G./ TASK 


4 27 76 

DATE /_ / 


2. OBJECTIVE j 0 take advantage of zero-G cond itions to produce new and 
unique biochemical, structural, and special materials. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY |qatE:1980 ) 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW 0 

dlCRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRDTEST0 AIR CRAFTTEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 


f) R&l BASE CANDIDATE Yes FY 78 Requ i rement 2.0M 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Considered e Basic Physics and Chemistry 

Research 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Based on basic experiments already acconipl ished on space flights. 


the potential benefits afforded by space processing are enormous 
and will require expansion of experiments and scale up of equipment 
to produce commercial quantities o f certain biochemical or special 

materials. Space processing offers substantial improvements for 

biochemical separations and purifi c ation more powerful magnetic 
materials superconducting materials and new semi-conductors. 









SPACE TECHNOLOGY NEED 


T,TLE Space Processing 


FORM NO. I 
PAGE 2 OF 


THEME /W.G./ TASK 


DATE 4/27/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Use knowledge already obtained in Skylab and ASTP flights and SPAR 


flights to develop comprehensive program, and to select best candidate 
processes for providing greatest benefits. 



7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

FY 77 RTOP includes many laboratory and SPAR experiments which could 


lead to selection of studies for scale-up in following years. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

1 (see p.3) 

2 



lilii|§ii|liiiIIIII 

HflHH 


MANPOWER (M-Y) 

IN HOUSE 

CONTRACT 


25 25 25 



1 1 m I©, sfci?; ms mi i 

























SPACE TECHNOLOGY NEED 
1. TITLE Space Processing 


FORM NO. I 
PAGE 3 QF 3 

n 8 M-l 06 


THEME /W.G./ TASK 


DATE. 


Block No/ CONT,NUAT «ON (If Needed) 

Some specific tasks that could be included in this technnin™ 
requ i remen t are: ' —— 


1/E/ 76 


~T. Commerc ial Production of Biological Ma t eria Is for Media l — 

App l ications " ~ — * 

— • Pr ° duet1 ° n of »B0KI"A SE from Kidney cells to diMol.. M,w. -i... ' 

■ Production of lynphoctes for pr evention of organ transplant 

rejections ~ ~ — 

. Isolation ot ERYTHRQPQIEI III tor treatment o T" k 1 dney fai l ure 

• Separation of PHAGOCYTES for~ diagnosis of imunological reaction 

• Isolation of^AHk for hemophilia treatment — 

• Purification of Vaccines ~ — — — 

_2. Production of Electrical and Magnetic Materials 

New magnetTiTmaterial s for motors, bubble manories. tann 

» Solar ce lls for Space Power Systems “ — 

of new alloys, such as directional ly solidified eutectie; 

_ _*_ Devel °pment of sili con ribbons for integrated cTrcuit “ 

• Space Processing of Ceramics and Glass ' — 

3. Basic R&f" ' ~ ” — __ 

• Study of Transport Phenomena in Zero-G~ — 

. Multiphase Flow Studies — 

. Advanc ed Materials separation process, es — - 

• Stability of Emulsions " 

.^action Phenomena-transfomation pr ociljil^T^iRYa^ 

• Physics and Chemistry of Organic Sr ?er"coiiductors 



o * * 

Ui w o 

*T £ «C * 


o ~ UJ = 
CC * H* > 
< g U. * 
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SPACE TECHNOLOGY NEED 

1. TITLE Development of Fabrication Techniques 
for Space Erectable Structures 


FORM NO. I 
PAGE 1 OF 3 


DATF 4 lJJ[ 7 ^_ 


2. OBJECTIVE ~ 

— lo_ d eve1op fabrication techniques for constructs S oace 

^cturesj mn both composite materials and conventional materials - 
in space for manned and unman ned structures. 

3. NEED ANALYSIS ~ ' 

a) LEVEL NOW Q , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY fDA TE i 98 5 j 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM □ LOW [7] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING f~| OR 

ENHANCING: HIGH 0 MEDIUM Q L0W Q 

e) TASKS NEEDED: STUDY □ ANALYSIS 0 RESEARCH 0 

GROTEStEI AIRCRAFTTEST □ SPACE FLIGHT TEST fx] 

OTHER (Specify) □ (Check pne o, more) 

f) R&T BAS E CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

st^h^as_we 1 d i ng , riveting, adhesive bondina. nr 

uniguejnech anical means, will be nee ded to "join modular'^i^Tof 

ajarge_s pace habitat, or other space erectable structun^T^T^dlT^r 

must^dev eloped to accomp lish these processes iV^eToth^ 

fabrication process^ , such as forming, mold ing, foaming, casting , and 

i on of van - 0 us structures^ 
m^hods ^must be developed to acc omplish these processes efficiently 

a^_econgnican y^t omatic proces ses to' be g i ven m7ximum'cTnsTde7a tfoT 
in manned and unmanned modes. ‘ ~ ■ 



SPACE TECHNOLOGY NEED 

T| TLE Development of Fabrication Techniques for 
Space Erectable Structures 


FORM NO. 
PAGE 2 OF 3 


THEME /W.G./ TASK 


DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

_Jevi ew earth based processes to determin e applicability to space 
activities. Improve proces ses or develop new processes where necessary. 
Conduct experim ental te sts in near ea rth orbit to prove pri^TlesT 


7. ALTERNATIVE APPROACHES/OPTIONS 

__Const ruct modules with minimum amount of fabr i cation efforts required 
— for space assembly. Emphasis on automation. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) “ 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM I 76 I 77 1 78 I 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 




Ml 







SPACE technology need 


1>tiTLE Development of Fabrication Techniques, 
for Space Erectable Structures 


( 5 ) CONTINUATION (If Needed) 

B ^cmc tasks required under this need ar ^ 

(1) Improved joining techniques 

, Melding studies __ 

0 Rivet ing Methods 

0 Adhesive bo nding ■ 

(2) Forming Processes _ — ; — 

(3) MoIJiw. casting, foaming in place of po1ynenc_ 

materials in space. ^ 

ui 'Development/ Implementation of automation- . 


FORM NO. I 
PAGE 2 3 OF— 


NO.——— — 

THEME /W.G./ TASK 

4 27 76 

DATE. /— /■ 


LEVEL I BASIC PHI NDMFNA DUSCRVI U AND REPORTER !t COMPONENT OH BREADBOARD TESTEO IN RELEVANT 

OF STATE 7 IIILI1RY IHHMtllAUU TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART :s THEORY ttSICU BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7 MODEL TESTEO IN SPACE ENVIRONMENT 

« PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 



FORM NO. I 
PAGE 1 OF 7 3 

1 . TITLE |_ on g T erm Sp are Efforts nn MatpHaU -fnic- NO 8 HJ 

20 Year Life Structures THEME /W.G./ TASK 

— — DATEj /J.8/26 

2. OBJECTIVE 

To determine overal l effects of vacuum. radiaHnn -Lh a rm a T ryr l A n g 

on properties of materials used in spacecraft construction 


3. NEED ANALYSIS 

a) LEVEL NOW [ 5 ] , WILL BE LEVEL (7] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY 1 OATEilQRf) 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW [3 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (3 OR 

ENHANCING: HIGH [X] MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [xj ANALYSIS □ RESEARCH [3 

GRDTEStQ AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE Yes FV78 Requirement 200K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE 0 F TH IS TECHNOLOGY Development of materials specifically 

tailored to resist total effects of space exposure. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Considerable laboratory tests and some space flight testing has been 
accomplished for limited times - generally on order of 2 years - for 
many materials. There are still many candidate materials that must be 
tested, especially window glasses, seals, lubricants, and surface 

coating materials. Threshold exposure conditions and limitations of 
exposure for useful material properties must be determined. 


f SPACE TECHNOLOGY NEED 




SPACE TECHNOLOGY NEED 


TITLE Long Term Space Effects pn__Mat.priaU fcue. 
20 Ye ar Life Structures — 


\ 

FORM NO. I 
PAGE 2 OF 1 

NO 8 M-l 

THEME /W.G./ TASK 


- DATE 4 / 28/76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Initial efforts involve evaluation of materials using simulated 

space environments on earth. Advanced experiments will include 


short term space flights, and eventual tpst beds on long dura tion 
flights. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 

m 

a 

S3 

m 

ED 

ES 

□ 

a 

□ 

m 

m 

ED 

u 

ED 

El 

ED 

m 

in 

ED 


TASK ITEM 

1 

i 

1 

| 

1 

1 

i 

i 

i 

i 

i 

1 

i 

1 

§ 

1 

1 

■ 

g 

1 

1 (see #5) 
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■ 
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MANPOWER (M-Y) 
INHOUSE 



3 

3 

4 

3 

3 

£ 


2 

1 

B 

B 

B 

B 

1 

B 

fl 

fl 

fl 

CONTRACT 


■ 

H 

FI 
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Cl 
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V. CONTRACT 
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SPACE TECHNOLOGY NEED 


1. TITLE 


20 Year Ufe Structures 


( . 5 ) CONTINUATION (If Needed) 

Block No. 

Some specific tasks required are: 


no 8 M-l 

THEME /W.G./ TASK 

DATE_J_ / i§ /_Z6 


Effects on coatings, glasses 


lopment of optics resistant to solar radiation 

als for lo 


Effects of long duration space exposure on composites, seals 


nts . coatings 



LEVEL I BASIC PHENOMENA OBSERVED AND REPORTEO 5 COMPONENT OH BREADBOARD TESTEO IN RELEVANT 

OF STATE 2 THEORY FORMULATED TO DESCRIBE PHENOMENA __ ENVIRONMENT IN THE LABORATORY 

OF ART J. THEORY TESTEO BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE Large-Area Thin Films for RFI 
Protection 


FORM NO. I 
PAGE 1 OF 2 

NO 9/M-l/l 

THEME /W.G./ TASK 


4 

DATE___ 


,1V1 


2 OBJECTIV [f eve '| 0 p process for fabrication of thick-metal, large-area thin- 
film structures for RFI shields in space applications having long-term 
integrity in the radiation of space. 


3. NEED ANALYSIS 

a) LEVEL NOW GQ , WILL BE LEVEL CD UNDER EXISTING PLANS. 


b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1985 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH [x] 

GRDTEST0 AIR CRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE FY78 $250K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Commercially available pol ymer films (such as kynar, mylar, etc.), having 
a thick metal coating ), must be evaluated for strength, fold and 

crease resistance, etc. Packagi n g and storage methods for thick-metal 

coated films must be devised . Joining meth od s such as heat sealing and 

adhesive bonding must be developed for fabrication of large area 

structures in space (>5km). Bo th co atin g and substrate must be evaluated 
to establish long-t^rm re sistance to degradatio n f rom the spa ce environ- 
ment. 


\ 






SPACE TECHNOLOGY NEED 


TITLE LARGE-AREA THIN FILMS FOR RFI 
PROTECTION — 


FORM NO. I 

PAGE 2 OF 7 


NO — 2 M ! 

THEME /W.G./ TASK 

DATE A / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 


HB 1 |l| HU IHI 




fnr gtrpnj th. f n l^ rroaca rps 1 stance^llJteslgn- -aod- -proite- — 
p »rn>3<n«] Anri st.nr aae.Jj>ctaiQues — (3^_XitahlishJ>y-^round--teiti ng — 
__ thp long te m _i^sistaJice--aL-tb e s e ma t erials t . o t .he e n yi ropmenL-of 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 

qpmp ni ll F ITFM I 76 1 77 1 78 1 79 1 80 j 81 j 82 1 83| 84 1 85 1 86 1 87 1 88 1 89 1 90 [ 9 1 1 92 j 93 j 


TASK ITEM 

_1UL 

~m- 

.-Ul 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


1 I 1 I 1 I 1 I 1 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF ? 
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1. TITLE Structural Materials for Large 

NO. 9/M- 1/2 

Space Antennas 

THEME /W.G./ TASK 


DATE 4 / 29/ 76 

2. OBJECTIVE 

DfiYfilQD lightweight. easily fabricated structural mator-mc 

having a low coefficient of thermalexpansi on and long-term mechanical 

stability in the environment of space. 



3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL ® UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (TJ FOR OPERATIONAL SYSTEM USE BY (date 1985 ~~| 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING ® OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE FY78 200K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


Materials and processes mus t be de veloped to fabri ca te large antenna 


stru cture s in space (>3000 M) . .Candida te ma te r i a 1 s ( i . e . graph ite/epoxy 

compo sites) must be design fo r 1 ow coef f ici ent of ther mal expansio n 

through composite fiber and lay-up development. Lon g-term mechan i cal 
stability to the environment of space must be demonstrated such as the 


Lriicularlj_th£. loss of wa ter), r a diation. 


t hermal fatigue an d creep . 




SPACE TECHNOLOGY NEED 


T,TLE STRUCTURAL materials for large 
SPACE ANTENNAS 


FORM NO. I 

PAGE 2 OF 3. 


mo 9 M-l 02 
THEME /W.G./ TASK 

DATE a /?7 / 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Design low coefficient of thermal expansion composite materials 

(2) Develop processes for large st ructure maniifacturLng_lii -SMCfi 

m ec h a ni ca l stability -ofT-arg« structures 4«-th*- 

, oTspace — — 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

0 ) 

_ 12 ) 

_m 


IUE3E3I 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


.1 .2 ,21.3.1 


















LEVEL 1 SASIC PHENOMENA OBStRVfO AND REPORTED i COMPOKENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2 THEORY FORMULATED TO DESCRIBE PMEMOMENA ENVIRONMENT IN THE LABORATORY 

OF AHT 3 THEORY TESTEO BY PHYSICAL E XPERIMENT Cfl 6 MOOEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEl ? MOOEL TESTEO IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC OEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 2 


1 . TITLE Efficient and Stable Lubricants for Use NO. 9/M-1/3 

in the Lunar Environment THEME / W.G. / TASK 


DATE 1 /£2 ill 



ITtlllllBUaiUi 


t creep/evaporation from 


in the Lunar environment. __ 


3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 0 UNDER EXISTING PLANS. 
b> REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 
AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY I DATE: 1990 ~1 
c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW 0 

dlCRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more ) 

f) R&T BASE CANDIDATE FY78 100K 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Ef fici ent lu bricant s i__bajTi er film s, and/or seals must be de v elo pe d to 

ensur e l ong - te rm ad e qua cy in the vacuum of the lu nar envir onment. 

Present lubri cants are highly volatile and creep significa n tly and can 
not be relied upon for long-term space application. 







6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 



8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
FY 76 506-16-22 








SPACE TECHNOLOGY NEED 


1. TITLE LONG LIFE CRYOGENIC SYSTEMS 


FORM NO. I 
PAGE 1 OF _jL 


NO. 9 H-1 4 

THEME /W.G. /TASK 


DATE_4_ /_28'. 



3 . NEED ANALYSIS _ 

a) LEVEL NOW 0 , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q] FOR OPERATIONAL SYSTEM USE BY 1 DATE:] 978 J J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q ___ 

d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [Y] OR 

ENHANCING: HIGH Q MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH E3 

GRDTEStD AIR CRAFT TEST Q SPACE FLIGHT TEST Q 

,i — | (Check one or more) 

OTHER (Specify) |_J — 1 

78 

f) R&T BASE CANDIDATE — . 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Communicati ons — — 


* >- > * £ 

ac « uj ac 

© o x k 

uj lu * Z . oc 
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tt h H I CL 



5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

ACCOMPLISH NEED , „ 

Lifetime extension of refrigerators (seals and bearin gs^ Bray ton power 

r.vcles (for ref^igorators). high isolation fo r_Dewars (MLI, supports, — 



SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 

PAGE 2 OF 1/ 

NO. 9 H-1 Q4 

THEME /W.G./ TASK 


— " PATE 4 /28 / 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

--W- 



1. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 
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SPACE TECHNOLOGY NEED 

'• TITLE -gMlatiw utable Cwnreit^ 


FORM NO. I 
PAGE 1 OF 2 

NO. 10 M-1 01 

THEME / W.ITTtASIK 


DATE. 


1 27 , 76 (Rev. i) 


2 QBJEC 1 1 f 



— Qllssjon^spacecraft stnjTti^ ,, ' ~ — 

~ 3 need analysis ' 7 — ~ 

JiS" 0 ' WILL BE LEVEL Q UNDER EXISTING PLANS 

AT LEVEL l^ V *DR ™?J.;.i H0ULD BE TECHNOLOGY READY 
*■ «-* SVSTEM USE 6V 
W'GH Q MEDIUM Q lqw p, 

«■ 

*.r.s, 

OTHER ,Sp~( vI □ T TEST D SPACE EE 'GHT TEST Q 

ti dot .... ~~ ~ — (Check o ne or more) 

!L R&T BASE CANDIDA TE FT 78 _J 300 K 
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rr r; to s **. 

* O UJ H - i _ 

S “• < J 

£ > > 3 Of 
. j tt i uj l 

y ° O I c 

U ) UJ uu k > !I 

<ji <5 
® »-* »- * c 


5 accowl'iIh need 0GV advancement "equired to 

• Long life, radiation re> cicta»+ 




( — 

SPACE TECHNOLOGY NEED 

\ 

Fomvi NO. 1 
PAGE 2 OF £ 

TITLE^adiation Stable Composites and Adhesives 

NO. 10 M-l 01 

for Long-Term Spacecraft Structures 

THEME / W.G. / TASK 

- n ATC A /OQ / 7C /n«.. 

umic ^ / co / /b (Kev.t 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Data will be obtained on long term radiation effects on candidate 


-adhe s i ves , an d..xgsj.n_ma_tr_i.)^£Qfripos i te s , Composite panels of epoxy and 

polyimide matrix mater ia ls will be exposed at appropriate radiat. inn 


-c ycli ng wi l l also b e- included. 


V a r y ing thermal 

Ex posure dur a tion w i 4 - l bo of sufficient l enbth 


_to permit valid extrapolations tn he marlp for, ln-ypar Exposures 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 
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SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE i OF 2, 


THEME /W.G./ TASK 
DATE_i_ / 27/ 76 (REV B) 


2. OBJECTIVE 


planetary missions. 


3. NEED ANALYSIS ~~ 

a) LEVEL NOW QD , WILL BE LEVEL CH UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY IDATE: IQfiF I 
0 RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW [7] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH (Tj MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS □ RESEARCH Q 

GRDTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check o ne or more) 

^flR&T BASE CANDIDATE FY'78 SPROK 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY — Larfle deplovablp supp ort strurtn 
attitude rnntrnl 


; 2 £ y; * 

3 - » s 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Comme rcially available polymer films need to be e valuated for 
te ar and tensile strengt hs^fol d resistance, and lo ng-time high 




— PI VtCL^IU II 

against space radiation to prev ent degradation. Fabrication techniques 

f or production nf Uai^_area_mins^j[i eludin g joining terhni n .,o S , 

nfifid-jteYelopnienLf^ met ers in diamete r, 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 2 . 


TITLE 


Materials for Solar Sailinc 


NO. 10 M-T 02 
THEME /W.G./ TASK 


— DATE 4 m / 76 (Rev .2 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

^Commercially available polymer films will be e valuated for tear and 

— — ' Te strengths, fo1 d_ resi stance and l ong-time high temperature use 

—— tings and adh esjjmjrggulreQii i be teste d for high tmppran .-o 


jnteqn 




|»r:iwiJi^:L M 11 ! 1 .11 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

IfiiOIViL. 

Fabrication Dev. 
Handling Dpv. i 




iBSiili 


mam 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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space technology ne ed 1 Zr^A 

■ LL , I 1 1 Tr ^nv Based on n0 -. hf . me /w.G./TASK , 

, 28 , 7 eJ^ 

f w.tron Beam_L vt_J — 1-- — d aTeJL- l — 


"•> objective 

mioiocixx^^ 


b) Tl^Q V -o^,on A l system use by ESE==3 

i r*sk in achieving advancement 

I C HIGHO ME0 IU “°, pu 1 SHMENTS: ENABLING □ OR 

d , CRITICAL, TYTO THE ACgMEL MtoiuM Q LOW □ 

ENHANCING: HIGH U ANALYSIS 0 « SEA " C ” ^ rl 

e) TASKS NEEDE^ ST U Oy D testQ spA CE FLIGHT 

I grdtest IL 1 "" 

I OTHER ISpecilvl □ = ==- 

i — 


fY'/O 3)J. uuv-- 


ACCOMPLISH NEED l UIW9I5E!2-- f — i 1 

.-SSH3i!Lit^=^^ 


— ts^aRlL si VicoiLde’L'l^ 

^jstJUESICOR^ __ 

, _ ' 




SPACE TECHNOLOGY NEED 


mi £n 


FORM NO. I 

PAGE 2 OF 2 


THEME /W.G./ TASK 


DATE 4 /28 / 76 (Rev. 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

An elec tron beam facility will be established for processing microc ircuits 


__.SuJidM.cr.GQ 


7 ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES <RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


mama 


MANPOWER (M-Y> 
INHOUSE _ __ 
CONTRACT 




1 






LEVEL t IASIC PHENOMENA OBSERVEO ANO REPORTED 5 COMPONENT OR BREA080ARO TESTfO IN RELEVANT 

OF STATE 2 THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3 THEORY TESTEO BY PHYSICAL EXPERIMENT OR 6 MOOEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEL 7 MOOEL TESTEO IN SPACE ENVIRONMENT 

« PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 




1. TITLE LONGLIFE CRYOGENIC SYSTEMS 
FOR MASERS 


FORM NO. I 
PAGE 1 OF 2 

N n 10 M-1 04 

THEME /W.G./ TASK 

DATE 4_ U: /_Zfi 


2. OBJECTIVE e 

Ten Year 1 ifetime t M and 1 W for deep spare rmnnunlr-alinns- 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: TQftS 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q) MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH Q 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST 0 
OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE __FY 78, $300K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Conmunicatlons 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Lifetime extension of refrig e rat or s ( sea l s a n d hearings) . . BrAytnn 


fnr Dewars 


(MLI. supports, vacuum s ealing, and _JouleTlhomsQn valve). 

and radiators and developmental candidates re quired for above. 





SPACE TECHNOLOGY NEED 


TITLE Long-Life Cryogenic Systems for 


FORM NO. I 
PAGE 2 OF 2 , 


Kin 10/ M-l/ 04 
THEME /W.G./ TASK 


DATE 4 1211 l r > 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

• Current developments on re f rigerators, power sourc . fc S - ^-. 
dewars and J-T va lve should be evaluated for long-lif e 

potential Improvemen ts 




7. ALTERNATIVE APPROACHES/OPTIONS Wait and se e by end FY 78, 

redundant units/refill dewar (remote), or par amp passive. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

ADL. Hughes. Ball Bros. Garrett, Phillips .& ,.GE_ - GSFC, MSFC. 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Evaluation 


Added Funding 


Selection 


Readiness 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 












SPACE TECHNOLOGY NEED 


* Ti'l • v, -«.*.*.* 


1. HTLi: Mat erials f or Hi gh-Temperature Power Conver- wo 10 
s i°n “the m e TTvTg.7 TASK 


FORM NO. I 
PAGF 1 OF . 2 * 

M-l 05 


DATI-:__A /.?! / 76_ 


2. OBJECTIVE " 

Deyelop. gpd. evaluate. materials for high-temperature, high-strength, lojig- 
!}fe components for power conversion . 


3. NEED ANALYSIS “ " 

d) LEVEL NOW PD . WILL RE LEVEL [4] UNDER EXISTING PLANS. 

b) RLOUIHFD ADVANCEMENT -SHOULD RE TECHNOLOGY READY 

AT LEVEL fj FOR OPERATIONAL SYSTEM USE DY [iv. . : ]987““ ] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [_] MEDIUM fj LOW [j 

(i) CRI riCALI I Y l 0 THE ACCOMPUSHMEN IS: I DARLING f] OR 

ENHANCING: HIGH fj MEDIUM fx) LOW f ] 

e) TASKS NEEDED: STUDY [ j ANALYSIS [j^ RESEARCH [j 

GRD TEST |j| AIR CRAFT I EST [j SPACE FLIGHT TEST [7] 

Oi l IER (S;v:c:iry) fj __ _ (Chw* ono or mo: ,) 

f) R'ii RASE CANDIDATE FY ‘78 $200K 

. COE/iRI. F ANY i EcUKO'.OoY AUVAi'JCELT.NTS REQUIRED FOR 

USE o. : THIS TECHNOLOGY Turbine and compressor design 


. SPi CiE / TLCI iiJOLOGY ADVANCEMENT REOUiRK) TO 
ACCOMPLISH NEED 

Development and evaluation of high. -temperature, high-strength materials 
such as ceramics, cermets, superalloys, and refractory metals for turbine, 
compressor, and gas containment components will be needed. 


SPACE TECHNOLOGY NEED 


TITLE Material s for High-Temperature Power 

Conversion 


FORM NO. I 

PAGE 2 OF * 


mm 


NO. tO M-1 05 

THEME / W.G. / TASK 


DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

-Canjld^ ceramies, c ermets, supe r alloys and r efractory metaU will be 
evajuatedln appropriate environments for hi gh- temperature ^ performance" 
In turbine, compressor and gas containment application's. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


SCHEDULE ITEM 


TASK ITEM 
Select Candidates 

Test 

Anal -sis 


M^|i|gi||||| 


MANPOWER (M Y) 
INHOUSE ___ 
CONTRACT 


WBWIMB— ■ 










SPACE technology need 


1. TITLE 


Materials for Advanced Energy Storage 


form NO. I 
PAGE 1 OF.,,, & 


10 M-l 06 
THEME/ WG / TASK 

^ 4 , 27 , 76 


2 ' 9^?tI|i v Iater1als for n»re rel iable. high-energy J mHy_prj^r>i- n j 

secondary nlrliel -cadmium batteries with lifetime up to lOjtear^. 

3. NEED ANALYSIS 

a) LEVEL NOW ® . WILL BE LEV' L 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY^READV — 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY L B ATE: 198 7 — ] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH 0 MEDIUM □ LOW U 

e) TASKS NEEDED: STUDY □ ANALYSIS 0 RESEARCH 0 

GRDTEST0 AIRCRAFTTEST □ SPACE FLIGHT TEST [XJ 

i — , (Check one or more) 

OTHER (Specify) LJ " 

f) R&T BASE C ANDIDATE ILlZit-— — "=- 

COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY - 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

ACCOMPLISH NEED . tlJD<nh a. 

Goals for this effort will be achieved by developing lightweight 

materials for nickel -cadmium battery components such as cell cases. 

separators , VlVctrodes and sealants which will increase efficiency 

and lifetime. ...... 



SPACE TECHNOLOGY NEED 


TITLE Materials for Advanced Energy Storage 


FORM NO. I 
PAGE 2 OF 


NO. 10 H-l 06 


THEME /W.G./ TASK 


DATE ^ /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Candidate materials for cell cases, separa tors, electrodes, and sealants 
will be selected and evaluated for performance In lig htwei ght batteries 
for advanced missions, including probes. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Select materials 


Analyze Data 


IBS! 


■IIHsil 


MANPOWER (M-Y) 
INHOUSE ____ 
CONTRACT 






SPACE TSCHi -OLCGY MEED 


I 1 TITLE Radi at i on- Re^i s tan t S ol ar Cel l s 


11s NO 1.9 — 


FORM NO. I 

page i or 
10 M-l _07 

"tI lEMtf /W.G* / TASK 


date_ . A / 2J. / 7 i — 


Cells . 


3 r'FTD ANALYSIS 

■ „! level MOW [£l. WILL BE LEVEL 0 UNDEH EXISTING FLANS. 

b) REQUIRED ADVANCEMENT SHOULD 08 TECMNOLOGY^^Y.. 

AT LEVEL |7] TOR OPERATIONAL SYSTEM Ui,h L, U^I'id 9 - 8 - 7 . * 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW [xj 
d> CRITICALITY TO THE ABOLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH OS MEDIUM □ 1-0.1 U 

o) TASKS NEEDED: STUDY □ AN/.I^SIS , J Llb.^ROH 

GRD1ESTI3 AIR CRAFT TEST LI M>AU=FUGH. T^U^ 

f) RAT BASF. CANDIDATE 

” -» r* v ADV 'VlD f "ME?’T3 BuO.UB >cD rOH 

4 TiS^r .ttML J»i-. .•«- 

automated 


fF SPECTrY TLCNNOLOG/ ADVANCEMENT REQUIRED TO 

accomplish conversion, and storage systems .are required ... 

foTrr, 4° - for* large asmonu of on-board power. Increased 

tp satlafyjutpr? _ H tv' and low cost. Development of Sal Her Arsenide 
array 1 i fetime ,_relj ao , 1 1 ty and i ow cosy - 

sol sr cells offer potential to satisfy these needs . 



SPACE TECHNOLOGY NEED 


T,TLE Radiation-Resistant Solar Cells 


FORM NO. I 
PAGE 2 OF 2* 


THEME /W.G./ TASK 


— DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Gallium arsenide solar cells will be exposed at radiation levels 


en countered on advanced missions and ev aluated for effects on solar 
conversion effici ency, fil ters and o ther c ell mo difications will be 
developed and evaluated. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Rad. Expos. 


MANPOWER (M-Y) 
INHOUSE _ 
CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 


-5 .3.1.1 


iimiiii 













LEVEL 1 BASIC PHENOMENA OBSERVEO AND REPORTED b COMPONENT OR BREADBOARD TESTEO IN RELEVANT 

OF STATE 2 THEORY FORMULATEO TO OESCRlBE PHENOMENA ENVIRONMENT IN THE LABOR XTORV 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7 MODEL TESTED IN SPACE ENVIRONMENT 

4 PMTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 2 


1- TITLE NUCLEAR SHIELDING MATERIALS FOR SPACE- NO._lfl L H-1 / 08 

EXPLORATION FACILITY THEME /W.G. / TASK 

— — — DATE_1_ 


2. OBJECTIVE 

Develop and evaluate lightweight nuclear shielding materials for NEP. 


3. NEED ANALYSIS 

a) LEVEL NOW (Tj , WILL BE LEVEL [D UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY I DATE: 1Q«7 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM □ LOW (Tj 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY [IJ ANALYSIS ^X] RESEARCH 

GRDTESTQ] AIR CRAFT TEST □ SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDI DATE FY 78 ~ * 4QQK 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 

NEP development 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

t Lightweight, lightweig ht high-temperature materials for nuclear 
shielding on NEP space exploration facility. 







1 

SPACE TECHNOLOGY NEED 

FORM NO. 1 

PAGE 2 OF __2 

TITLE NUCLEAR SHIELDING MATERIALS FOR SPACE 

no 10 /M-l/08 

EXPLORATION FACILITY 

THEME /W.G./ TASK 

DATE 4 / 29 / 76 


fUlrimcniUCU Mrrnv«vn/rnv/gnnm I 1-nn » ^ 

Selection of lightweight, high temperature materials will be made 

based on a literature search. As required, new materials and desi gns, 
will be developed. These will be evaluated for shielding capability 

at radiatiorTlevels predicted for nuclear electric propulsi on sources, 


Lithium mydride will be used as a baseline material 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELA7 ED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


SCHEDULE ITEM 

□ 

EB 

ED 

m 

m 

ED 

ED 

n 

□ 

□ 

m 

ED 

□ 

m 

□ 

ED 

m 


ED 

E3 

TASK ITEM 

1 

1 

| 

1 

i 

1 

1 

1 

| 

i 

| 

1 

1 

i 

i 

1 

■ 


1 

■ 



i 


8 


B 

■ 

B 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

- 


u 

Ground Test 

B 

■ 

E 

i 

s 


i 

■ 

■ 

■ 

I 

s 

s 

1 

■ 

■ 

■ 

8 

■ 

■ 

■ 

— - 

■ 

■ 

Develop Material 
Flight Test 

i 

1 

1 

■ 

■ 

i 

B 

— 


■ 


■ 

" 

B 


■ 

■ 

B 

B 

E 

■ 



■ 

■ 

■ 


■ 

i 

B 

8 

B 



■ 

■ 

B 

■ 

■ 

B 

■ 
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■ 

■ 

| 
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■ 

■ 

B 

8 

■ 
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■ 

■ 

■ 

E 

■ 

B 
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MANPOWER (M-Y) 
INHOUSE 



? 

A- 

4 

A_ 

4 

Jl 
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CONTRACT 





















FUNDING (10 6 $) 
INHOUSE 



.4 

.6 

.6 

.6 

.6 

.5 

.5 












l CONTRACT 





.b_ 









1r 

|r ■ „ ■ 


■ 








SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF _3 


TITLE Materials for Planetary Probe Thermal Protection 10 M-1 09 

THEME /W.G./ TASK 

DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1. Continue to evalu ate new DOD/ICBM materials _________ 

. Develop new reflective materials 


3. Develop new ca rbon m at erials as nec essary 

4. Determine effect of ablation on boundary layer t ransition using 110 MW 

facility 

57 Confirm material performance in 165 MW facility 


7. ALTERNATIVE APPROACHES/OPTIONS For mission requirements beyond limits 
of 165 Megawatt facility, utilize Laser facilities. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

HTOP 506-16-41 

DOD - Ballistic Missile Heat Shield Developments 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Evaluate Material 


Reflective Matls 


Carbon Matls 


Transition 


Matl Confirm 


Shuttle Payload 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


9 11 12 14 14 14 14 


.8 .9 .9 .9 .9 .9 




iiimmini 
























SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 3 OF 3 

1. TITLE Materials for Planetary Probe Heat Shiel ds N0 10 M-1 09 

THEME / W.G. / TASK 

DATE__L /i? / 76 

0 ) CONTIf’UATION (If Needed) 

Block No. 

L — Perform flight test using Shuttle launched payload with velocity 
package to achieve radiative/convective heating rates to confirm 
material performance/heat shield design ~~ ~ 




SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF Zl 


1 . TITLE Materials for Abort , Fpt.rY^lwact Qf— NO. t ^ me/w ^ 1 /t ^sk 


DATE 4 /_29/_Z£_ 


2. OBJECTIVE 


I ear waste pat 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY ;MIL-4-9£5 — ' 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [£] MEDIUM ® LOW \J 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING® OR 

ENHANCING: HIGH □ MEDIUM □ LOW | — | 

e) TASKS NEEDED: STUDY □ ANALYSIS® RESEARCH® 

GRD TEST ® AIR CRAFT TEST ® SPACE FLIGHT TEST Q 

i — , (Check one or more) 

2 OTHER (Specify) LJ — " 

| f) R&T BASE CANDIDATE F Y 78, $_30K — — 

1 4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

i USE CF THIS TECHNOLOGY 


5 UJ O. O 5 

►- > o - : - 

m 1 £ « * 

ar o w »- ►- 

IU U. < I 

^ K C u Z 

uooi; 

(3 Ui Uj *Z K 

< X I < 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


rotect each 


^Hinartive package ac j^dlDOJ^-thfi^ato f o r each 


mission — ai 


nf ( rH f f oifAnt- f r om-those-af -planetary -pr&be^ — Iba— 


facilities as ren'i^ed. — 



SPACE TECHNOLOGY NEED 


TITLE Materials for Abort. Entry/Impact of Systems 
With Radioactive Materials 


FORM NO. I 

PAGE 2 OF _2 


wn 10 M-l 10 


THEME /W.G./ TASK 
DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1. Continue to evaluate new DOD/ICBM materials 


2. Develop new carbon materials as necessary 

3~T Develop new reflective materials fo r Earth env i ronment _ 

4. Evaluate impa ct resistance of mate r ials 

5. Evaluate ablation performance in ARC jets _ 

6. 1 1 Ighfverlfi cation test of nuclear waste disposal package using 

7 . ALTERNATIVE APPROACHES/OPTIONS For mission requirement s beyond limits 
of ARC jets, utilize Ames Laser Facilities to determine material performance 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

' RTOP 506-16 -41 

00D - Ballistic Missile Hea t Shield De ve lopments 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Evaluation 


Carbon Materials 
Reflective Matl 's 


Impact Evaluation 


Ablation Perf. 


Flight Test 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


BBBBBBBBBBBBBIBBBBB 


. 1.2 . 21 . 21.2 1.2 


iu mb Egg mu i 


lift 
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SPACE TECHNOLOGY NEED 
1. TITLE Long Life Cryogenic Systems 


for Science 


NO. 


FORM NO. I 
P AGE 1 OF, 

To / m-t / n 


THEME /W.G./ TASK 
DATE_i_ /2S/JL 


^ra'lol advanca cryoge nic systems for sensors nr .. 

°_^_100 K (X and gamma ra w, alpha and beta plrtlclea IcreMveO^ 


3. NEED ANALYSIS ' ~ " 

a) LEVEL NOW Q] , WILL BE LEVEL 0 UNDER EXISTING PLANS 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY foATE: 1 985 — I 

c> RISK IN ACHIEVING ADVANCEMENT: ~ 

HIGH Q MEDIUM [jfj LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING F7I OR 

ENHANCING: HIGH Q MEDIUM Q L0W [] 

e) TA r S ^ " I ™ STUDY □ analysis □ research QJ 

DTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Checkgne or m0 re) 


f) R&T BASE CANDIDATE 


FY 78. S3Q0K 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY U 


PO D activities in ro tary ancfv - M cryo engines? 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 
o Cryogenic fluid management 


Large cooling capacity 
L ong l ife, durable containment 
Cryo genic fluid transport 
Refrigerators, cryostats, radiators’ 



SPACE TECHNOLOGY NEED 


TITLE t 

k QflK L i fe Cryogenic Svat-.g m s for NO. W M-l/ 11 

THEME /W.G./ TASK 

— DATE 4 / 29/76 


i tV/nilULUU t nccu FORM NO I 

PAGE 2 OF 


6. RECOMMENDED APPROACH/PRCGRAM PLAN TO ACCOMPLISH NEED 

• Current 






7. ALTERNATIVE APPROACHES/OPTIONS Walt and see by end FY-7e, passive 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

ADL, Hughes, Phillips & GE - GSFC & 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Evaluation 


Selection 


Readiness 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


■■RMimiiiiii 


2 









IEVEL t ha:.h ntf N<1MI NA HVI M AHR RII'ORMII I .lIMPUNtMl OH 8HCAOBUAHU TfSIlO IN RUfVANT 

OF STATE / II'HIHV HltlMllt Alill 10 IIISU'IBt PHENOMENA ( NVIRONMf N) IN THE LABORATORY 

OF ART i IHfUNY ll'-HURr RIIYXICA! imRIMCNTOH ►. MODtl TESTED IN AIRCRAFT ENVIRONMENT 

MAIIIEMAIILAL MODEL l MOOEl TESTED IN SPACE ENVIRONMENT 

« At ATINENT SUNCPOf* OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 1 OF 3L 

1. TITLE Sun Oriented Radiators NO. T 0/M- 1/12 

” THEME /W.G./ TASK 


DATE A /M ; 76 (Rev. 1 ) 


Z a t ors which can reject heat whe n oriented toward sun 

and other sources 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL E) UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1988 ~1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM 0 LOW Q 

cl) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM 0 LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH □ 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more ! 

f) R&T BASE CANDIDATE FY 78 NOA $7 5K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Mat erials. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Various radiat or con figu rat i ons need to be analyzed utilizing such 

features as fron tal shields, lateral heat rejection, and reduced heat 
input f rom planets. Promising_designs should be tested and then flown. 
Ultimately, a system could be designed as a Mercury lander which could 
survive both the high solar and hot Mercury surface — 800°F. 






/ 





SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 
PAGE 2 OF 2» 


Sun Oriented Radlntnpr. NO. 10/ M-l/ 12 

THEME /W.G./ TASK 

_______ DATE ^ pi / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

• Study rad iat or/ s hl eld configuration s 

• Fabricate sever al prom ls ing t ypes _ 

* Test, make Improvements ana retest 

* Design for sp ecific missions (Mercury orbiter^ lander a 

sairiple retur n) 

__ • R eadiness by FY 8 2 for orb it er &. dander 


7. ALTERNATIVE APPROACHES/OPTIONS 


Hig h temperature systems 


ahort — t-Liue , — or — ddodo — ba-a-t- plp ^s — & — - 1-a - rg e - dep loy-abl-e - 




8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Passive 


9. TECHNOLOGY SCHEDULES 


F 


SCHEDULE ITEM 


qeqqqeeidmmqsmmmmmmmmmmi 


TASK ITEM 

*udy 

ib. & Test 


Duslgn. Grp. Ha 
Test Orb .Rad. 
Design Lur.Ra 

Test Ldr.Rad. 


MANPOWER (M-Y) 
INHOUSE _ 
CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 














3. NEED ANALYSIS 

a) LEVEL NOW GO , WILL BE LEVEL [T] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY fpATE: 1988 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [x] LOW Q 

dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING FI OR 
ENHANCING: HIGH Q MEDIUM □ LOW Q 

study D analysis E research □ 

NO test [3 AIR CRAFT TEST Q SPACE FLIGHT TEST [71 

OTHER (Specify) F , rharl “ 

1 — 1 — (Check one or more) 

f) R&T BASE CANDIDATE FY 78, $200K ~ 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY tUhOR 

Structural isolation, mat erials 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO ~ "~~ 

ACCOMPLISH NEED 

• j(!riHU! l “ en ’ a1s such as fine fibe rs, powders, and foams would be 

^sig^n^testedjfoMow conduction and con'.ectConl^rTTnsf^ 

Oth^r^^impor'tant.factors^^to^be wnsi^e^e^T^^ 

Ton^ife^e^andHi^in^sture^and_other_contain1nants, and^pTi7aSlfitv 

o ver wide ranges of temperatur e and pressure. 

— an ^ae__of_]pw ^njjjictnn ty as well as.s.eometric features. 



SPACE TECHNOLOGY NEED 


TITLE 


INSULATIONS FOR SOLAR EXPLORATION VEHICLES 


FORM NO. I 

PAGE 2 OF % 

NO. 10 / M-1 / 13 
THEME /W.G. /TASK 


~ D ATE 4 /29 , 7f> 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

0 JtudjMjgaQ^fe r mechanisms through var irmc materials 
0 Test various mat erials in differ ent atain-i pheres 
0 Jgslgn these f or different missions (mars 
0 _MLgI!lj_evelog ,y^u^rous_jnat eria1s at high tem p P r a tnrpc 
0 - i'gsign these for NEP application 


7. ALTERNATIVE APPROACHES/OPTIONS 

Heavier Dewars, Leavier refractory m e ta 1 s 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 
Study 


T est Atm. Ins. 
Design 

Test Hi . Ti. Ins. 


Design for NEP 





MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 2. 


1. TITLE _Sgmpl 8 Return Container Thermal Control N0 . 10/M-1/14 

THEME /W.G./ TASK 


DATE 


2. OBJECTIVE 

De y e Top ttenwl rontrol for blolpqlca! and P h ysical sa-nW 


3. NEED ANALYSIS " ™~~™ - 

a) LEVEL NOW (T| . WILL BE LEVEL 0 UNDER EXISTING PLANS, 
b} REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL (7J FOR OPERATIONAL SYSTEM USE BY fpATE; 1988 ~] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING IT] OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e> TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH 0 

GRD TEST [XJ AIR CRAFT TEST Q SPACE FLIGHT TEST 0 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE NOA, $150K 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Biological Science 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

The return o f physical samples cannot he 


than Biological sampl es al so canrot ‘be ’ . 

and nay require pressure control. Provision should bTiade for back- ' 

contamination protection. 
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SPACE TECHNOLOGY NEED 


, TlTL E Thermal Control Material s/Pe vIces. 


form no. I 

PAGE 1 OF — £ — _ 


MH 10M-1 15 

THEME /W.G./ TASK 
DATE 1 /-gg/21- 


^ P^ffyelol materials and 

high effic i ency, long, life spac ecraft*- - - ~ 

3. NKO ANALvaS ^ g] UNDER EXIS TING PLANS. 

K BEQU RED ADVANCEMENT - SHOULD BE TECHNOLOGYJ^Y 

’ 1 ° level ffl for operational system use by 

c ) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW gj 

d) CRITICALITY TO THE ACCOMPLISHMENTS ENABLING | □ 0 

d ’ C EN™ NCING: HIGH □ MEDIUM ® LOW □ 

.YASKSNEEDED: STUDY £ \ □ 

GRDTEStD AIRCRA L-l (Check o ne or more) 

OTHER (Specify! Q - — 

CANDIDATE FY 78, $300K — 

Technology advanc^ents required 

USE OF THIS TECHNOLOGY __ 


Tspecify technology advancement required to 

“g'ySH A and Technology - Hl<|h Cm rigtongJ* 

High Flu x Density . 

o High Effic iency Insulation Syst ems _ 
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SPACE TECHNOLOGY NEED 
1 TITLE Operational Contamination 


FORM NO, I 

PAGE 1 OF -X- 


NO.. 


10 / M- 1/16 


DATE 


THEME /W.G./ TASK 

4 


f 27, 76 


2 - n!ip?Jp V mPthnHc for controll imxQn taminatio D-oa^e nsitiva subsyst e m 


- - - * Z 


3. NEED ANALYSIS 

a) LEVEL NOW 0. WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (TJ FOR OPERATIONAL SYSTEM USE BY I DATE: 19BU J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW (J 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH □ MEDIUM [X] LOW LI 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH Q 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST HJ 

l__i (Check one or more) 

OTHER (Specify) [J — 


NO A, '78 $200K 


f) R& T BASE CANDIDATE 

COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


S. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

A o C °0utg L al?ing E , E A/C gase s deposited on optics, mirrors, radiators 
o Dust on rovers 


Biological contamination of samp1es> back contain, of 


J 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 




TITLE 


Qperatinnal nnn<v»ni nation 


N0._1QV.M-1 / 1 6 H 

THEME /W.G./ TASK 


DATE 4 728 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 



7. ALTERNATIVE APPROACHES/OPTIONS 


Higher level contamination 



8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

MSPC activities 










LEVEL I. IASC PHENOMENA OBSERVED ANO REPORTED 5 COMPONENT OH BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULA TEO TO OESCRISE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 1. THEORY TESTED BY PHYSICAL EXPERIMENT OR S. MOOEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC OEMONSTRATEO 



SPACE TECHNOLOGY NEED 


1. TITLE Long-Term Space Environmental 
Control 


2. OBJECTIVE 


FORM NO. 
PAGE 1 OF 


NO 10/ M-l/ 17 

THEME / W.G. / TASK 

DATE JL_ / 29 l 76 



3. NEED ANALYSIS 

a) LEVEL NOW ED, WILL BE LEVEL (D UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY j DATE: iq8«5 ! 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM (£] LOW □ 

d) CRIT!CALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH □ MEDIUM jx] LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS 0 RESEARCH 0. 

GRDTEST0 Al R CRAFT TEST □ SPACE FLIGHT TEST Q 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE FY 78, $100K . 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY None 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 




Contamination - particulate and biological 


Nuclear radiation- natural and induced 


Electrostatic/EMI 


Acoustics 



toitiai •* * - —iitjliiif ii i V i 


Mi ii yafc j ' i iii 










SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 
PAGE 2 OF Z* 


THEME /W.G./ TASK 


DATE 4 / 28 / 76 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


Biimimiiiiiiiiiiil 


MANPOWER (M-Y) | | I 

INHOUSE \2 I 21 2 

CONTRACT 


- A - MM ^ 




LEVEL 1. SASIC PHENOMENA OBSERVED AND KPOITEO S COMPONENT OR BREAOBOARO TESTED IM HE LI V AMT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIROHMENTIN THE LABORATORY 

OF ART 1. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MOOEL TESTEO IN SPACE ENVIRONMENT 

«. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE Rover Thermal Control 


2. OBJECTIVE 


FORM NO. 
PAGE 1 OF 


■ 


THEME /W.G./ TASK 


date_4_ 



3. NEED ANALYSIS 

a) LEVEL NOW Q . WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY I DATE: IQftft I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM QJ LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q) RESEARCH □ 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST (7] 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE NOA. F.Y. 1978 $50K 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Structures, materials, power 



5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 
• Radial 




• High temperature application — Inner planets 
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SPACE TECHNOLOGY NEED 
1 T,TLE __ Reusable Insulating 


FORM NO. i 
PAGE 1 OF L 

NO. 10 / M-l/ 10 
THEME /W.G./ TASK 

DATE — /—Si — yg 






3. NEEO ANALYSIS 

WREQUIRFnl^' W,UBELEVEL 0 UNDER EXISTING PLANS. 

I? LEW?! A £ VANCEMENT - should BE TECHNOLOGY READY 
. d,c^ LEVEL ® 0R OPERAT »ONAL SYSTEM USE BY foA TEJ. 98R — I 

c) RISK IN ACHIEVING ADVANCEMENT: %-5-J 

| H,GH Q MEDIUM (j[) LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS- ENABLING n no 

ENHANCING: HIGH Q MEDIUM Q “ » n 

' ,TA GRD N tI S E T 0 S rc^TTETn 5 ' 80 

OTHER ISpTm n A " TEST D SPACE FL ' SHT ™T E 

— (Chec k one or more) 

ISSIfgj CANDIDATE NOA . ]?v 7ft Mok 

4 ReQu,RE ° f ~ 

— S^ustures. matoni a -| n 


3 2 • 8 § 

Hell 

“ “• ” < 5 

-His 

5 “ 2 £ t 
S£ £ a * 



S accompush need° GV A0VANCEMENT reou,red to 

•-^rovement of purge d multllay er_svst«m« 

«-. Attwiwn t_aiaj«aat r«tie n h^TiTHTT 

* — app UnflHcmA 

BE-tranRpRrenf- imnlatlona ’ * ~ 

•- A n oombly, h a n d ling, < 

* — — - ture anfl rnnt-. alnments “ ~ 


SPACE TECHNO LOO Y NEED 


FORM NO. I 
PAGE 2 OF Z, 


T,TLE REUSABLE INSULATIONS 


NO. 10/M- 1/1 9 


THEME /W.G./ TASK 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
See 5, Page 1 


DATE 4 / 28/ 76 (Rev . % 


7 . ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 







LEVEL 1 BASIC PHENOMENA OBSERVED AND REPORTED S. COMPONENT OB BREADBOARD TESTED IB RELEVANT 

OF STATE 7. THEORY FORMULATEO TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 1 . MODEL TESTEO IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC OEMONSTRATEO 


f 

SPACE TECHNOLOGY NEED FORM NO. 1 

PAGE 1 OF 2* ... 

1. TITLE Control lah WMnl tlwatt Radioactive NO. 10/ ' M “ 1// 20 

„ . I7 / DUnQ v THEME /W.G./ TASK 

Heater Units (RHUS) 

DATE M / 21 l 76 

2. OBJECTIVE 

Sval-aate approaches to modulate RHUS and apcooo the multi- 


3. NEED ANALYSIS 

a) LEVEL NOW [1] , WILL BE LEVEL QJ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Pfi FOR OPERATIONAL SYSTEM USE BY loATE: 1985 1 

c) RISK IN ACHIEVING ADVANCEMENT- 

HIGH Q MEDIUM 0 LOW Q 

d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRDTEST0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 

OTHER (Specify) [~\ (Check one or more) 

f) R&T BASE CANDIDATE NOA. FY 78. $H0k 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY MechA’' 1 ' 1 £5Tns maf-eMais 




5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

» Thermostatic actuator - bimetallic or phase-change element 

<% Quality mnlblwatt. RHII 






— — 


L ) 




SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE ? QP & 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Design controllers — 


7. ALTERNATIVE APPROACHES/OPTIONS 
Elect. Heaters. 1 watt PHUS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Des. Control. 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


inQiaE]|3l!l]|3QII!DI3[9l!aE3llEI!IEQQgg|g 

BiiiimmmmUl 
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MiBHimmsm 









SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF Zd — 


1 . TITLE Solar Probe Thermal Shield. 


THEME /W.G./ TASK 
DATE_iL /_2.7/_76 — 


2 . OBJECTIVE 


gpaoftoraft from 2500 sunjLli^Og-^ 


h O h O 

KII P 

OWUj CO 

Si £ 3 (K 

* Ui £ 

o • £ 5 
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«■ S £ u* * 

to UJ u. 5 oc 

< * ? 5 

® ►- K X a. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY^EADY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY |DAT£: 198 .5J 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW |_J 

d) CRITICALITY TO THE ACCOMPLISHMENTS. ENABLING ^ OR 

ENHANCING: HIGH Q MEDIUM □ LOW U 

e) TASKS NEEDED: STUDY □ ANALYSIS (Fj RESEARCH JxJ 

GRD TEST m AIR CrJfT TEST Q SPACE FLIGHT TEST 0 

UKLi iwi L£J ^ (Check one or more) 

OTHER (Specify) [J 

f) R&T BASE CANDIDATE N0A FY ^ $200K . 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS RECUIRED F ° R nunl(;atlc , ns _ 
USE OF THIS TECHNOLOGY St ructures, materia l^ - 

high solar test facility ' 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 

A . CC0 Sh P l L eld Serials - refractory matals, cerami cs^ 

e. Mo 


SPACE TECHNOLOGY NEED 


O.l 












SPACE TECHNOLOGY NEED 
~1 TITLE Min °K C rycT 


FORM no. I 
PAGE 1 OF. 2 


theme /w.g./ task 

PATE $&l'i 


¥ o J J 
? C UJ Ul 

« > o S 
o * S ® 

o UJ X 2 


3. NEED ANALYSIS UNDE R ex , 5T ING PLANS, 

at LEVEL NOW S . WILL BE LE UJ TcrHMnL0 GY READY _ 

» R A? lJ LE R VE D L A a ' T o'rOPEBATIONAL SYSTEM USE BY [EESE 
cl RISK IN ACHIEVING ADVANCEMENTS r-l 

H«6H D MED ' U “® lishTents enabling dor 

d , CRITICALITY TO the ACCOMRL,SHM umD ^ g 

ENHANCING: HIGH U rn rES EARCH 0 

e) TASKS NEEDED: STUDY Q SP ACE FLIGHT TEST Q 

GRDTEStQ AIR CRAFT TES u ir.hftck o ne or more) 

OTHER (Specify) Q 



SPACE TECHNOLOGY NEED 


T,TLE Min8< Cryo 


FOR# NO. I 
PAGE 2 OF 


NO. 10/M1/22 

THEME /W.G./ TASK 


4/28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

- Investigate phase separation techniques used in liquid propulsion systems 

for zero gravity and adopt most promising for detailed investigation. 
Space lab or equiva l ent zero gravity test required. 

- He 4 exhibits superfluid behavior at low temperature and He 3 does not, 1 

therefore the thermo mechanical effect may be use d to accomplish the 
separation. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP (506-25-22) has plans to initiate activity in FY 77. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


Investigate 


possible 


solutions 


Build & test on 


ground 


UPHUBH 


MANPOWER (IV Y) 

INHOUSE 

CONTRAC i 


HISS! 


jMEIBHnKifcli 














SPACE TECHNOLOGY NEED 


1. TITLE .Stable Themal Cent™ ) Coatl™. 

-fegsmaraaous Enx™^,. 

2. OBJECTIVE ~ 


FORM NO. I 
page i of 7L, 

NO. — 11 M-1 Ql P-! 

THEME /w!g./ TAS k 

DATE_1_ /ZS / 76 




3. NEED ANALYSIS "" 

C ’ R H, K G L N n CH,EV,NG advancement * “ V EE1 ®=1 

H,GH □ MEDIUM 0 L0W (J 

EN "w n® 0R 

e) TASKS NEEDED: STUDY □ ANALYSER o« 

GROTEStCI AIRfRiCTTccr m S ^ RESEARCH [7] 

OTHER JH, a R ^ T TEST □ sp ACE FUGHT te^ □ 

0 RET BASE CANDIDATF W. $S0K; >78 - $150* mo re J 

4 REQUIRED FOR 


5 ACCO^s E H CH NEED OGV ADVANCEME " "WU.RED TO 

^1 ' i pesII iijbiJIeE 

on thermai control coatw — : gl-gffg£ts_of _space radiatio n 


SPACE TECHNOLOGY NEED 


TITLE 


Stable Thermal Control Coatings for 
Geosynchronous Environment 


FOR# NO. I 
PAGE 2 OF 


DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1. Advanced SSM and paint coatings completed 


2. Evaluate conductive coatings for these $SM*s 


3. Efficient, reliable techniques for application 


4. Long-life lab. tests 


5. Space flight tests 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-16-32 SSM coatings 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


ht Test 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


■mm mmmm i 
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SPACE TECHNOLOGY NEED 


FORM NO. I 

'■ T,TLE -J^gl3iig_ far tn-SftuTSSS^ ^r/— ^ ~ A ' 

i^ Jsa st a!st « ^ TH58i7527iSf 


02 


2. OBJECTIVE 

— § T o p TO .tllQ.ds and ^p i 


DATE_±_ /J6/_26_ 


£hOlM§&j[QiLnmi£&£tori na large 


structures in epapp 



3. NEED ANALYSIS 

a) LEVEL NOW [J, WILL BE LEVEL 0 UNDER EXISTINL PI aw* 

’ a?™ve^ 

O RISK IN ACHIEVING ADVANCEMENT OSilm J 

HIGH Q medium [] LOW jg 

ENHAN6lNU°™,G^ PL ^urC] E Td B 0R 

e) TASKS NEEDED: STUnv fTl am*. ^r-. LU V L-l 

grd TEST ( 2 ! Ai«c'i 9 rrrQT A rn SIS ® Research 0 
OTHER (*£*, □ TES r D SPACC FllGHr ^ a 

' 1 — ■ — 'Check one or more) 


f) Sg(T BASE CANDIDATE 


178 + $3U0i: 


1 




5 'S^ T So°° y Required 10 

c^dit ^ --°-~9. . 9f 1 s jind er orb ital 

jjgwjQEff adhesives! 

Ojeye^n^of LN^ technlqueL-. 


V 


SPACE TECHNOLOGY NEED 


TITLE 


Techniques for IN-SITU Manufacturing of 
Large Space Structures 


FORM NO. I 
PAGE 2 OF 2j 

NO. 11 M-l n? 
THEME /W.G./ TASK 


DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

- ' Study ava11able techniques whir h may be a pplicable to large space 

struc tures. ~ 

2. Develop manufacturin g concepts. " 

— — e_coii c e p t s by testing in large space vac uum faci 1 i ties . 

-4. Evaluate more promising concept(s) in orbital experiments. 


7. ALTERNATIVE APPROACH ES/OPTIONS u * * 

Manufacture structu re individual 

—segment and transport to orbital altitude for fin.i l assembl y. “ 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

506-17- 1] — Large space structures only currently funded ae t i v i ty . 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


MANPOWER (M-Y) 
INHOUSE ___ 
CONTRACT 


MB 

mmsi 





SPACE TECHNOLOGY NEED 


1 . TITLE Long Life Cryogenic Systems 


FORM NO. t 
PAGE 1 OF 


11 M-l 03 R-l 

THEME /W.G./ TASK 

OATE_JL_ /28 /_ 76 



3. NEED ANALYSIS 

a) LEVEL NOW (jj , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY 1 DATE:! 982 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH 0 

GRDTEStD AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE '78- .$200 K _ 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY POD Activities In Rot ary and V-M Cryo Engines__ 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 Cryogenic fluid management 

0 Large cooling capacity 

0 Long life, durable containment 


uid transport 




SPACE TECHNOLOGY NEED 


TITLE 


Long Life Cryogenic Sys terns 


FORM NO. I 
PAGE 2 OF Z, 


THEME /W.G./ TASK I 


' DATE h 4 /pf / 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

( U Examine current State -of-Art 

(2) Recommend areas not presently covered 
ill Develop new systems to meet needs 

(4) Flight testing ~ ~ ' 



7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

— Science, ARC . Baslc Research, GSFC Cryo H eat Pipes fsnfi.ifi.ii) , nnn 


9. TECHNOLOGY SCHEDULES 
_ FY 


SCHEDULE ITEM 


TASK ITEM 

Study & R EC 

Develop Hdwe 



MANPOWER (M-Y) 

INHOUSE 

CONTRACT 



liiiiimmiiliSiia 




LEVEL J BASIC PHENOMENA OBSERVED AND REPORTED V COMPONENT OR BREADBOARD TESTED IN RE LEVANT 

OF STATE 2 THEORY EORMULATEO TO OESCRIRE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART ]. THEORY TESTEO It PHYSICAL EXPERIMENT OR 6 MODEL TESTZO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7 . MODEL TESTED IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 

1. TITLE Contamination Control for Large Space NO. 11 M-1 04 R-l 

Structures r HEME / W.G. / TASK 


DATE_L_ /28 ;_ 76 _ 


^ievl9op V irethods for controlling contamination associated with the manu- 
facturlng or assembly of contamination sensitive large space structure. 


3. NEED ANALYSIS 

a) LEVEL NOW $3 , WILL BE LEVEL QJ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY l oATE: 1981 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e> TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Q 

GRD TEST 0 AIR CRAFT TEST Q SPACE FLIGHT TEST [J 
OTHER (Specify) □ (Check one or more) 

f! R&T BASE CANDIDATE '77 none: ’78 - $200K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Data development on contamination generation 

chara&ari.s.t i c &. of sources J m aterial.^ o ve rbo a rd dump. 5 -,,, yentg , etc . ) . 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

0 Develop analytical models for specific space systems involved. 

Q- F_rom ana lytical r esults develop means for elimi nation/avoidance/ 

definition of contamin a tion effects. 

0 Develop techniques for cleaning optical surfaces in space. 






r 

SPACE TECHNOLOGY NEED 


FORM NO. 1 

PAGE 2 OF 2 ) 

Contamination Control for Large Space 


run 11 M-l 04 

Structures 


THEME /W.G./ TASK 


— 

DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Develop analytical models for specific space syst e ms invo lved; 

an al ytically e x amine in duce d en v i ronm ent an d produ c e gene ral ize d 
approach to ve hicle protec tio n and/ or cle aning requirement s ; flight 
testing. 


7. ALTERNATIVE APPROACHES/OPTIONS N0N £ 


8. CURRtNT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

None specific a lly re l ated to Targe space s truct ures o r ad va nce d ve h i c ies ; 
modeling tec h . have been dev elo ped for shu tt le u nder i n 1 ine tasks and 

will be correlate d using OAST package. 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 
Mo del D evel opm ent . 
System E val u ation 
Avoidance Protecti 


FI ight Testing^ 


manpower <m-yi 

INHOUSE 

CONTRACT 


2 2 2 














SPACE TECHNOLOGY NEED 


1. TITLE Ultra-High 


2. OBJECTIVE 


FORM NO. I 
PAGE 1 OF 2* 




NO 1L M-1 05 

THEME /W.G./ TASK 

DATE JL ,Zl2* 


3. NEED ANALYSIS 

a) LEVEL NOW HI, WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY [oATt: 1 98 0 —1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [I] LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS jX] RESEARCH 0 

GRD TEST UJ AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 

OTHER (Specify) 0 

f) ROT BASE CANDIDATE #00* » — -r— 

TcOM.Pl EMENTANY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF Til 13 TEC! 1 NO LOGY .^r^lV-t a Jj ateria ^ S ° f 1oW coeff 1c1ent ° f 

expansion. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH MEED 

High heat transport using new, Ar.teny.j_f] .«i4 or. _other_ technj gues _j_ 


c .y 



SPACE TECHNOLOGY NEED 


FORM NO. I 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 


U ■ ■ IM’/ J f ■] >W4»TiT«< J<» 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


SBSBSBBBSSgBBBS 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


BSIIEBBISBBBSISBBBIB 





! 


*£ Li 


FOHWJ WO. I 

PAGE 1 QF-Jbzr* 


SPACE TfiCHMOLOGV NEED 

■ ^ " 1*! . __ 

n °' “theme / VV.G. / TASK 


DATE 


121 /it— 


2 - 

surface. — 


qi K^l.ihermal-CQatrol-- 


3. MEED ANALYSIS LEVEL 0 UNDER EXISTING PLANS, 

a) LEVEL NOW D < ' * SHOULD B r - TECHNOLOGY READY__ 

» «* -v feOS«J 

c) mSK IN ACHIEVING AWANCEI.IEfm 

•«r q -acung □ on 

u) critical) r «! medium D low G 

1 ENHANCING: u,Gf lJ aWMY sis fiCl RESEARCH Q 

c ) TASKS NEEDED: STUDY © ‘ pi spaC E PLIGHT TEST © 

GRDTEStQ AIRCRAF, I ESI U SP/ ^ JCh^one 

OTHER (Specify) □ — — 

$1 50 K., ‘7^ew Start __ — 

f) K&'V RASE FOR 

-mmCi! 03 y ADVANCEMENTS l,wUUi.-u 

/■ roM>'»LE ; MEMTA«Y (ECU 

USU 05* THlSTECHdOLOoA _ 


or more) 


u2QU1!5e>TO 

ACCOMPLISH MELD r re f lectors Jn jasers ^.re uc_. 

solar absor^unce . rl?*?- — — 

absorptances _ of-., d: 



SPACE TECHNOLOGY NEED 


FORM NO. 
PAGE 2 OF 2» 




6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 




(4) Test 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


ununim 

nm Bantam 

mnnuiiuiiiiui 

■HHRHHHHHimmim 

iiaiiiiiiiiigiiBBSii 









SPACE TECHNOLOGY NEED 
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FORM NO. - 

PAGE 1 OF__A 

- - i ■ .i.-i. m - wirni r -^*^**1 

» PV^VJSVt- 1 * ‘ * <*** 

‘ 11 M-l r »7 

Ttitle N0 - - riSiETSST w 

’* ” __. date j_ ill /ig 

tec hniques. _ 


" « ij 
I • it I- 


, ** .1 

. ,,f 

• „ r, 
*•-. o 


T^Ta. ™ level Hi under existing pla^ 

b) REQUIRFD ADVANCEMENT - SHOULD BE TECHNOLOGY^*!* 

AT LEVEL HI FOH OPERATIONAL SYSTEM USE BY feU-M J 

c) RISK IN ACHIEVING ADVANCEMEN I : — 

HIGH □ MEDIUM 0 LOW [J 
HI CPITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

#t S. HIGH® MEDIUM □ LOW [J 

e) TASKS NEEDED: STUDY® ANALYSIS 0 n^^ 0 ' □ p-j 

GRUTEStO AIR CRAFT TEST □ SPACE FUGHI 

OTHER (Spocify) 



USE Oi : THIS TECHNOLOGY 


1 *•* «- n ( ; 

. 

§ 

* '' i, :• lu 

' o » 1 >z •“ 

I .• it. I- *r : ' 
r . s.. * ■ *•» 

- n t-. v : « :: 

' O O r* 


Ui 

riS'«5 
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5 SPECIFY TECHNOLOGY AO VAN OEM "-N t Hr.OUSi.i-L i 0 

' §111^ 

cost effectiveness. — control devices such as 

. , n A lower cost of thermal control «»_'« — 

0 To improve efficiency ana Ll°7- e I~ V— — 


V. 


SPACE TECHNOLOGY NEED 


TITLE 


Standardization of Thermal Systems 


FORM NO. I 
PAGE 2 OF 9 ‘ 


THEME /VV.G./ TASK 


— ~ ' - ■ DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

U L Jo examine current analytical design hardware mfg. and test 

techniques 


(2) Recommend areas which need improvement 


required changes 


7. ALTERNATIVE APPROACHES/OPTIONS conttiMt old w. 



8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
New start NI-111 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Analysis 



MANPOWER (M Y) 

INHOUSE 

CONI RACT 



■m— ■■■■■■ ■■■■■■■ ! 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OP fci 


■ I ■■ - ™GE 1 0P ^ 

wensionai ly St.M« structural to terUls no. n h .1 n . " 

THEME /W.G./ TASK 


2. objective 


Systems. 


DATE_4_ /22 /. 






3. NEED ANALYSIS ~~ 

*’ LEVEL N0W 21- "'LL BE LEVEL Q UNDER EXISTING PLANS 

’ TSr m - ««« « tech” READY 
^ IzJ TOR OPERATIONAL SYSTPM nee a\s r ~ . 

O RISK IN ACHIEVING ADVANCEMENT 1<WP - 1 

H»GH Q MEDIUM g lqw q 

« □ S A ™ D C Y RA 9TT E A S N T n S,SCS RE ^"“ Q 

OTHER (Specify) □ " AFT T6ST D SPACE FL ' G ”T TEST £) 

~ — . (Check o ne or more) 

- 1 * T BASE candidate _77 nose: new st.ce tcpc ~ 


— Hwiej new start ?2QQK 

USE OF REQUIRED FOR 


S|||» 

1 1 1 1 s 
sssgjt 


r SSr ADVANCEME nt required to 





6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED * 

1. Investigation of techniques to Minimize thermal distortion In 
composites . 


2. Construct and test In 1 aborato 


3. Scale-up and retest In 1 aborato 


5. Flight test for long-life and thermal expansion. 


7. ALTERNATIVE APPROACHES/OPTIONS N0 NE 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

On going activities In NASA and DOD related but needs advancement. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


Const. & Lab. Tes 


Space Jolnln 


Lab. Test 


Flight Test 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


laaaHEii 


.i .i .i .i 


\m\vmmmwk\ 













LEVEL I BASIC PHENOMENA OBSERVED ANU REPORTED b COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 7 THEORY FORMOLATED TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART THEORY TESTEO BY PHYSICAL EXPERIMENT OR 6 MODEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 1 MODEL TESTED IN SPACE ENV IRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


) 


FORM NO. I 
PAGE 1 OF 2* 


1. TITLE Integr al Light Weight Heat Pipes for 
Antennaes and Radiators 


NO. n M-l 


09 


THEME /W.G./ TASK 


DATE L IZSl /_ZS_ 


. OBJECTIVE 

levelop light weight heat pipe system for antennaes and radiators 
which can be pack a ged in shuttle. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY I o ATE: 1985 ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST Q 
OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE '78 New St ar t - $1 50K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Structures, materials 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Polymeric and composi te type heat p ipe m aterials _ 
Flexib le wicks and interg al coatings 




LEVEL I. MK PHCNOMEMA OBSERVED AND RETORTED 5 COMTONENT OR RREAOOOARO TESTEO IN RELEVANT 

of STATE I. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT HI THE LABORATORY 

Of ART L THEORY TESTEO BY PHYSICAL EXPERIMENT DR I MODEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7 MODEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC OEMONSTRATEO 



SPACE TECHNOLOGY NEED 




BBitfJiisBaiaaaiffii 



Antennaes and Radiators 


. ‘ - 1 1 

THEME /W.G./ TASK 

.it * 



* DATE A_ !2Sl IJ& 


which can be* packaged In shuttle. 


3. NEED ANALYSIS 

a) LEVEL NOW Q, WILL BE LEVEL QJ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL ITl FOR OPERATIONAL SYSTEM USE BY filATE: 198S I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM' [xj LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS £] RESEARCH □ 

GRD TEST 0 AIR CRAFT TEST □ SPACE FLIGHT TEST Q 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 78 New Start - $150K 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Structures, materials 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 




Flexible wicks and Internal coatings 










SPACE TECHNOLOGY NEED 


Integral Light Weight Heat Pipes for 
Antennaes and Radiators 


FORM NO. I 
PAGE 2 OF 


NO. 11 M-l 09 
THEME /W.G./ TASK 

DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Develop new materials compatible with heat pipe fluid s 

(2) Develop new wlcking sys terns 


7. ALTERNATIVE APPROACHES/OPTIONS p luid loQ 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-16-31 ; JSC Activities 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
velop Materials 
Develop Wicks 
In tegrate w/rad. & 

rest (FLT) 

peratlonal 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


— IlHBBIHBBmilMl 




o 2 u 5 
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o 5 < uj 
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SPACE TECHNOLOGY NEED 

1. TITLE _WAjjCEOj p S/MATt -|,„, Fn , 


form no. I 

PAGE 1 of 3 


theHT^/Task 


2. OBJECTIVE 

Pj^'ddelmjjii[iiu m jve jg h | ; T£3_jidtJi 


DATe 4 /_27 ; 76 


J^quirerLiecvic^ Hf e 


3. NEED ANALYSIS 1 — 

<*) LEVEL NOW (jfll WILL RF i f\/ci I — I 

bl BEQUIREO ADVANCEMENT - SHOuS SE^ErH^'”"" 0 
AT LEVEL 0 EOROE ER AT.Z L L SV ^ T M E r° L0 ^^ 

0 R ' H S r G '% CH ' EVING ADVANCEMENT : GSOSiH 

H GH □ medium q low n 

ENABUN ,sp ob 

el TASKS needed, study □ analyser L0W ° 

GBOTESTa AIR CRaTt TEST n 0 RESEAnCH 0 

OTHER (Specify) □ TEST D SPACE BLfGHT TEST 

_ 11 RE.T EASE CA NDIDATE JSSSL^^SS! 

“ede"^™^ 0 - a o^ a ncements^equire^^o^^^^^^ = ^ =- " 


03 t- 

5 ft CJ 


5 XSST ADVANCEMENT bequired to ~ — 

IlDfiCQVfilL ^ materials M „ 

provide pptlons^EouppHcAtKm t» Z re,u,rei to 

t0 EJffi-^njdrQDi]ient_dictated hy the aerod**" 1 ^ ,,h,c, “ APpraprlat* 

Tedlcld.tojpuon, T„ “ “ r ° 4l ' Mm,c “nflSdratidP And 

reustabiej^o ielweratures of 10 *“ 

Igdgr^t anperatures nth limited reuse " ~nTl , app,Kit,ons TMuire. 

L^^Vthe develop \f~* 


r 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 2 OF 3 

TITLE 

Advanced TPS/Materials for Advanced Vehicle* 

mo 12 M-l 01 


OT Vehicle, HLL Vehicle 

THEME /W.G./ TASK 



DATE 4 / 28 / 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1. Develop high-temperature rigid RSI materials 

2. 

Develop high-temperature flexible RSI materials 


3. 

Improve creep resistance of super alloy metals 


4. 

Determine potential of non-catalytic surfaces 


5. 

Determine effects of TPS design on boundary layer 

transition 


7. ALTERNATIVE APPROACHES/OPTIONS Heat-pipe leading edges 


8. CJ^pENT/PL^ANNED^RELATED ACTIVITIES (RTOP, OTHER) 

OEX - New initiative #131: Five proposed tasks for flight tests. 

These are enumerated on page 3, 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
HI Temp HRS I 

HI^Temp FRSI 
Low Creep Metals 
Low Catalytic 
Transition 
OTV Direct 
OTV~Braked 


EBiEBlElBH3 EBBlE3t3ElE!]E3BlEDE3ElElEl 

■§ 

===== 

5SS 

1=9 

■■BDBIIIIIIIIlill 

BJKJ &)■■■■■■■■■■■■! 


MANPOWER (M Y) L L L \, n L J „ 

INHOUSE I 7 | 8 | 9 |11 110|10| 9 

CONTRACT 


.6 .6 .6 .6 .7 .7 























SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 3 OF 3 

1. TITLE Advanced TPS/Materials for Advanced NO 12 M-l 01 

Vehicle, 0T Vehicle, HLL Vehicle THEME /W.G. /TASK 

DATE _! / £8 / 76 

< 6 ) CONTINUATION (If Nmdad) 

Block No. 

6. Develop materials for direct reentry of orbital transfer vehicle 

7. Develop materials for aero-braked or bital transfer vehicle 

OEX PROPOSED TASKS: 

1. Effects of catalytic surf ace on convective heating of TPS surfaces. 

2 . RSI repair methods evaluation. 

3. Til e- to- t i 1 e gap effects on TPS performance. 

a temperature/ high density RSI applications. 

5. High tenperature flexible RSI (FRSI) applications. 



OR CMARACTE R'STIC DEMONSTRATED 


: 


f SPACE TECHNOLOGY NEED 


1. TITLE OPTIMIZATION OF HIGH STRENGTH STRUCTURA L NO. 
ALLOY AND COMPOSPE SYSTEMS 


FORM NO. I 
PAGE 1 OF 2 

12/M-1/02 

THEME /W.G./ TASK 


2. OBJECTIVE 


Develop medium to high strength 


DATE 1 /28 ;76 


structural metal matrix 



compo sites having improved fracture toughness and failure resistance. 


SfESE 

— o (_> 

< 

£ 5 < 

a z z z 
5 Z 2 o 


L UJ UJ 

* > 5 S 

3 z o o 

w w * S 


3. NEED ANALYSIS 

a) LEVEL NOW [T] , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY ! DATE: I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM Q LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM Q LOW 0 

e) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH 0 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check o ne or more) 

f) R&T BASE CANDIDATE FY 78 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


0. e Y- e J.°P improved fract ure control thr o ugh impro v ed fr a c tu r e 
toughness of medium to high strength alloy ma te rials obtained 
through a better understanding of the micromechanical , physical 
an_d che nical processes associated with crack instability 
L h £ 0 _^ h optimiza t ion techn i ques su ch as mechan ical and thermal 
mea ns and alloy mo di fication. Optimization of th e fai 1 u re 
r esistance of metal matrix comp o s i t e s . 





SPACE TECHNOLOGY NEED 


T,TLE OPTIMIZATION OF HIGH STRENGTH STRUCTURAL 


ALLOY AND COMPOSITE SYSTEMS 


FORM NO. I 

PAGE 2 OF 2 


NO. 1 2/M-1/02 

THEME /W.G./ TASK 


■■ DATE 4/28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

11 - Improved fra^ ^ toughnes s of existin g alloys through optimization of 
thermal an d me chanical treatments. 

2) Improved unde rstanding of the micromechanical processes governing crack 
ins tability to optimize fracture toughness. 

3) Alloy developmen t . 

4J — IncrQYed failure resis tance of metal matrix rrimpnotp s . 


7. ALTERNATIVE APPROACHES/OPT, ONS u se existing medium and high strength 
alloys with less than optimum toughnes s — weiaht_and size penalty. 

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-16-21 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


MANPOWER (M-Y) I I I I I 

INHOUSE | 5 |5 1 5 |S | 5 |5 |5 |6 

CONTRACT 




.23.23.5 .5 .5 .5 .5 .6 .6 .6 
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SPACE TECHNOLOGY NEED 


1. TITLE More Efficient, Reliable Thermal 
Corcrol Systems/Materials 


FORM NO. I 


PAGE 1 OF 


THEME /W.G./ TASK 


~ DATE 4 Z 28 / 76 


2 Q ^eveT(!)p E 1ong-1ife capability for in-orbit thermal control of advanced 
space transportation system 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL (j) UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY loATE: 1985 ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH [X] MEDIUM QJ LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH [x] 

GRDTEStIX] AIR CRAFT TEST Q SPACE FLIGHT TEST [H 
OTHER (Specify) Q (Check o ne or more) 

f) R&T BASE CANDIDATE FY '78, New Start, $200K 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Long-life stable second-surface mirror coatings 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Long-life pumps for radiat or systems, low solar absorptance/’high 
emittance co atings for radiators and TPS materials; high efficiency 
heat pipes 



SPACE TECHNOLOGY NEED 

TITLE More Efficient, Reliable Thermal Control 
Systems/Materials 


FORM NO. I 

PAGE 2 OF 2 

NO. 12 M-l 03 


THEME /W.G./ TASK 


DATE *■ / 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

_1 P eve1 opment and long-life tes t of pumps for high efficiency, light- 
weight radiators ” 

2 . Low ct/e SSM c oatings for radiators 

3. Conduc t ive c o atings for preventi on of charge-build-up 

4. Increase efficiency of structural heat pipes 

5 . Integrate int o design_of^ehicle and test 


7. ALTERNATIVE APPROACHES/OPTIONS 


8 ,rtop ' °™ eri 
Heat Pipe Technology 


9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM f 76 I 77 1 ' 


TASK ITEM 
Long-life Pumps 



MANPOWER (M-Y) 

INHOUSE 

CONTRACT 



2 1 2 2 2 3 3 2 



















LEVEL I HASH: Pill NHMI NA (IMS! IIVI IJ AND RIPOHIHI 'i I IIMI'IINf N I Oil BHf AIIIIDAHII Tf SILO IN Rf LEVANT 

OF STATE > IIIIIIIIY I IIIIMIII Allll 10 IKSCIIIBl PHt NOMINA C NVIH0NMEN1IN IHt LABORATORY 

OF ART I I IIM) MY KSTltJ BY PIIYSILAl EXPERIMENT OR MOUEl TESTED IN AIRCRAFT ENVIRONMENT 

MAIHEMAIICAL MODEL ) MODEL TESTED IN SPACE ENVIRONMENT 

4 PERTINENT EUNCTION OH CHARACTERISTIC OEMONSTRATEO 


SPACE TECHNOLOGY NEED 


^ 

FORM NO. I 

PAGE 1 OF ^ 

1. TITLE IMPROVED AND/OR PREDICTED COMPATIBILITY N0 . 12/M- 1/04 

OF METALLIC STRUCTURES EXPOSED TO THEME / W.G. / TASK 


CHEM I CA L ENVIRONMENTS 


DATE 4. /_28/_76 


2. OBJECTIVE Develop an adequate understanding of the compatibility of 


metallic structures and chemical environments to predict and extend 
structural l ife. 

3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 


b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL [6) FOR OPERATIONAL SYSTEM USE BY I DATE: 1 980 | 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW 0 

d> CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 


f) R&T BASE CANDIDATE FY 78 400K 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Develop an improved u ndersta nding of the chemi cal comp atibility be tween 

space related metallic structures and chemical environment s (i.e ., 

tankage, nuclear containment vessels, etc.) in order to att ain adequate 
quantitative models of life prediction to permit optimum selection of 
alloys, microstructures, etc. for space structures particular ly rel ated 
to reusability. 





SPACE TECHNOLOGY NEED 


FORIVLNO. I 
PAGE 2 OF 


TITLE IMPROVED AND/OR PREDICTED COMPATIBILITY OF NO 12/M-1/04 

METAL LIC STRUCTURES EXPOSED TO CHEMICAL THEME /W.G./ TASK 

ENVIRONMENTS 

DATE a / 28 / 16 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

il—Establi sh the kinetic and mechanistic aspects of degradation proceed 
associated with chemical compatibility. 

11 Establish t he compat i bility between structur es and potentially 

degradi ng environments associate d wi th AST S. 

U — Develop a ccurate and reliable, quantitative life prediction techniques 
_ for m a terials associa t ed with the ASTS. 


7. ALTERNATIVE APPROACHES/OPTIONS Use current technology for life 
prediction and chemical compatibility - weight increase and lack of 
reliability. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-T6-31" ~ 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


MANPOWER (M-Y) I 

INHOUSE I 3 

CONTRACT 


HSS3SS 

amen 

BBESSBBSEBBESBBESBBB 
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SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE 1 OF 2 


NO 12/M-1/Q5 

THEME /W.G./ TASK 

DATE 


2. OBJECTIVE 



3. NEED ANALYSIS 

a) LEVEL NOW [J] , WILL BE LEVEL fD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [j[] FOR OPERATIONAL SYSTEM USE BY j DATE: loanl 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [T] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH (T| 

GRD TEST £] AIR CRAFTTEST Q SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 


f) R&T BASE CANDIDATE 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

In order to ensure structural integrity and reusabilit 


adequately develop accura te and reliabl e non d estr uctive 























SPACE TECHNOLOGY NEED 


TITLE 


MATERIALS/PROCESSES FOR ADVANCED 


FORM NO. I 

PAGE 20F 2 __ 


THEME /W.G./ TASK 


— DATE 4/ 28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1) Laboratory development of material s/processes 


2 ) Rig-test in g under sim u lated ope rating conditions 

3) C omme rcial s ca le-up 

*) Incorporati on in ap plicable propulsion systems 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTQP, OTHER) 


9. TECHNOLOGY SCHEDULES 


SCHEDULE ITEM 


TASK ITEM 


H 2 embrittle 
p 2 effects 
C omposi te tanks* 
^ er amic bearin g; 
No zzle alloys 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


3 I 3 I 3 2 


.1 .1 .1 


iismmmim 












THEME 07 - MULTIPURPOSE SPACE POWER PLATFORM 


TASK 

# 

01 

02 

03 

04 

05 

06 


/ — 

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM IlS 

PORII III 

(List in numerical order, 1 — HighMt Priority) WORKING GROUP M-l 

DATE 4 / 29/ 76 

THEME NO. 
TECh 'LOGY NEEDNOT^~^_ 

7 

SPACE 

POWER 

CU 

8 

SPACE 

INDUST. 

9 

SETI 

10 

SOLAR SYS. 
EXPL. 

n 

GLOBAL 

SERVICE 

12 

ADV. TRANS 
SYS. 

NASA R&T 

SUMMARY PRIORITY 
ASSESSMENT 

ClKTMIt 

RAT Imi 

WG 

rr J 

POWER GENERATION 
MAT 1 LS/PROCESSES 

1 






X 

(RP 

X 

3 


800 

1200 

POWER STORAGE AND TRANS- 
MISSION MAT 1 LS/PROC. 

2 






X 

(RP 

X 

4 


275 

400 

THERMAL CONTROL 
INSULATION SYSTEMS 

5 






OSF 


>2C* 


200 

200 

COMPOSITES FOR LARGE 
SPACE STRUCTURES 

6 






X 

x 

17 


^nn 

«;nn 

IN-SITU SPACE MFG. OF 
LARGE STRUCTURES 

3 









X 

>20 



300 

LONG-TERM SPACE EFFECTS 
ON MAT'LS 

4 







X 

15 



200 




































































*PRI0RIT 

CONCURRE 

WITH BY 

JG-TT 








v 












— » 




THEME #08 - SPACE INOUST. 


r SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM ift 

u . FORM III 

(Litt in numarical ordar. 1 — HMmi Priority) WORKING GROUP M-l 

* DATE 4/29/76 

THEME NO. 

TECHNOLOGY 

7 

SPACE 

POWER 

8 

SPACE 

INOUST 

9 

SETI 

10 

SOLAR SYS. 
EXPL. 

11 

GLOBAL 

SERVICE 

12 

ADV. TRANS 
SYS. 

NASA RAT 

SUMMARY PRIORITY 
ASSESSMENT 

Currant 

MTIa 

WG 

TT 

i.urreni 

SK 

nn — 

Total tK 

SPACE HABITAT 
MANUFACTURE & REPAIR 


5 







>20 




DEVELOP LUNAR HABITAT 
CONSTRUCTION METHODS 


6 







>20 




DEVISE THERMAL CONTROL 
FOR SPACE HABITAT 


4 





X 

OSF 


>20 



250 

MANUFACTURE COMPOSITES 
IN SPACE 


8 







>20 




EXTRACTION OF STR. 
MAT'LS FROM LUNAR SURF 


7 

i 






X 

>20 



100 

MA 1 L 

SPACE PROCESSING FOR USI 
-QH- EARTH 


l 





X 

04 


>20 



2000 

DEV. OF FAB. TECH. FOR 
SPACE ERECTABLE STR. 


2 






X 

5 



500 

EFFECT OF SPACE ENV. 
ON MATERIALS 


3 






X 

16 



300 


















* 

















































* PRIORITY CONCURRED WITH BY WG-TT 



THEME #9 - SETI 






























I I1LTIL TT I \J ~ J I J I □ I L'.rL 


raye ui c_ 


SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM l\\ 

M-l FORM III 

(Lot in numerical order. 1 - Highatt Priority) WORKING GROUP 


DATE 4 /29 / 76 


TASK 

THEME NO 

7 

SPACE 

8 

SPACE 

9 

SETI 

10 * 

SOLAR SYS. 

11 

GLOBAL 


NASA R&T 

SUMMARY PRIORITY 
ASSESSMENT 

# 

TECHNOLOGY NEEDNO'>~>-«^ 

POWER 

INDUST 


EXPL. 

SERVICE 


Can Mil 

R&T Rut 

WG 

a 



01 

RAO. STABLE COMP. 




9 



■ 

0 

11 



300 

02 

SOLAR SAIL MTL. 




7 



■ 

D 

>20 

B 


250 

03 

ELECT. MTLS. FAB. 




4 



■ 

D 

19 

B 


1000 ! 

04 

CRY0. FOR MASERS 




8 



X 

(RR) 


8 

B 

300 

500 

05 

MTLS. PWR. C0NV. 




12 





>20 


100 

200 

06 

MTLS. ENERG. ST0R. 




6 



■ 

■ 

>20 




07 

HI. TEMP. SOL. CELLS 




10 



■ 

X 

>20 



500 

08 

NUCL. SHIELD 





1 




X 

B 



400 

09 

PLAN. PROBE TPS 




13 



B 


B 


400 

400 

10 

ABORT RTG TPS 




REJECT 



fl 


>20 


50 

50 

11 

CRYO. FOR SCI. 




5 



X 

f RR1 

X 

B 


300 

500 

12 

SUN RADIATOR 




17 



B 

■ 





13 

PLAN. ATM. INSUL. 




11 




■ 

>20 





* PRIORITY CONCURRED WITH BY WG-TT 








































THEME #10 - SOLAR SYSTEM EXPL. (CONTINUED) 


Page 2 of 2 

SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT FORM I ft 

w •, FORM III 

{Lin in numerical order, 1 - Highest Priority) WORKING GROUP 


DATE 4 / 29 / 76 


TASK 

THEME NO. 

7 

SPACE 

8 

SPACE 

9 

SETI 

10’ 

SOLAR SYS. 

1 1 

GLOBAL 

12 

ADV. TRANS. 

NASA R&T 


SUMMARY PRIORITY 
ASSESSMENT 

# 

TECHNOLOGY NEEDNOT~~ — 

POWER 

INDUST 


EXPL. 

SERVICE 

SYS. 

Current 

RAT Ben 

WG 

TT 

cukk. 

SK 

K&r 

TOTAI SK 

14 

SAMPLE RET. E/C 




o 

J 





>20 




15 

T/C MTLS. DEV. 




2 



X 


>20 


300 

300 

16 

CONTAMINATION 




14 




X 

>20 



200 

17 

ENVIR. CONTROL 




15 



X 


>20 


100 

100 

18 

ROVER T/C 




16 





>20 




19 

REUS. INSULAT. 




REJECT 





>20 




20 

RADIOACT. HEATERS 




18 





>20 




21 

SOLAR PROBE TPS 




REJECT 





>20 




2 ? 

MIN °K CRYO. 




REJECT 



X 














(RR) 


10 


200 

200 


























































* PRIORITY CONCURRED WITH BY WG-TT 




THEME #11 - GLOBAL SERVICE 





THEME # 12 - ADVANCED SPACE TRANSPORTATION 


SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT 
(List in numerical order. 1 - Highest Priority) 


WORKING GROUP. 

DATE 4 / 29/ 76 


M-l 


FORM H 
FORM III 


THEME NO. 
TECHNOLOGY N E E d'nBT~''~~-~^^ 

7 

SPACE 

POWER 

8 

SPACE 

INDUST. 

9 

SETI 

10 

SOLAR SYS. 
EXPL. 

11 

GLOBAL 

SERVICE 

12 

ADV. TRANS 
SYS + 

NASA R&T 

SUMMARY PRIORITY 
ASSESSMENT 

Current 

R&T But 

WG 

TT 

Curr. 

SK 

TOTAI SK 

TPS/MATERIALS 






2 

X 


2 


550 

550 

HI. STRENGTH ALLOYS 
AND COMPOSITES 






4 

X 


>20 


400 

400 

THERMAL CONTROL 
SYS. AND MAT’LS 






6 

OSF 

X 

>20 


200 

400 

METALLICS AND CHEM. 
ENV. 






3 

X 


>20 


400 

400 

NDT/NDE FOR 
STRUCTURES 






5 


X 

>20 



300 

MATL’S FOR ADVANCED 
PROPULSION 






1 


X 

1 



300 















































































v 












> 


TASK 

# 

01 

02 

03 

04 

05 

06 


* PRiORITY CONCURRED WITH BY WG-TT 




FILMED 


A 





